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ABSTRACT 

Several  desc slants  th*t  cm  be  oafely  handled  by  non-technical  ships' 
pareconel  were  evaluated  far  chemical  o leaning  of  shipboard  boilers.  The 
selected  deecelmt  mist  be  *  nco-toxir ,  water-soluble  solid  formulation  end 
its  solutions  possess  scale  removing  properties  similar  to  inhibited  hydrochloric 
acid  anu  at  the  sun  time  he  non-corrosive  to  boiler  steels.  9y aadctte 
Chendoels  Corporation,  under  c entreat  with  the  Bureau  of  Ships,  oaoducted  bench- 
soel-j  evaluations  on  scaled  boiler  tube  sectims  using  various  formulations. 

The  Laboratory  continually  monitored  the  application  of  the  lyaudr^te^uggested 
proceduree  to  full  eoale  boiler  cleaning  trials .  Based  on  theee  tnats,  a 
ohealoal  cleaning  pavjsdure  eee  developed  that  Is  suitable  far  shipboard  uee. 

The  eelected  deae slant  formulation  consists  a f  8991  sulfendc  acid,  6A  citric 
aoid  and  %  dlethylthiourea .  A  206  solution  of  this  deeoalant  approaches  the 
strength  and  aoale*41ssolving  chareoterlatlca  of  1G6  inhibited  hydrochloric 
Mid  and  at  the  aasM  tine  offer  excellent  corrcaion  protection  to  boiler  steels, 
except  Crologr  16-1  rteeupeitieatei  alltv.  Although  further  Investigation  la 
required  to  reeolve  atsaa  minor  curves  Ion  md  storage  stability  problem,  the 
solid  Amu  el  it  famulatlan  make  the  above  requirements  and  is  rMomonded 
far  ahlpboerd  nhsnjoel  o leaning  of  boilers. 
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SW/WARY  PATE 

Tta  Sssiaim 

To  develop  a  chemical  doming  procedure  far  the  removal  of  boiler  eater- 
aide  deposits  that  oan  be  safely  carried  out  by  noa-technical  ships'  personnel. 
The  deecalsnt  used  shall  be  a  non-toxic ,  srter-eolubls,  one-packag#  solid 
fcnulatian  that  will  not  undergo  degradation  under  normal  shipboard  storage 
conditions.  In  addition,  will  lQJl  or  208  solutions  of  the  selected  foxtails 
be  capable  of  aolnbiliaiag  depoaits  to  the  sane  degree  as  108  hydrochloric 
•eld  ard  do  these  r  olutlaoe  offer  corrosion  protection  to  boiler  steels T 

A  ahead  cal  cleaning  procedure  sea  developed  by  •ysndotte  Obento  el  a  Carpara- 
ticn  for  uae  by  chipboard  noo-teohaloal  peraonnel.  The  selected  dseoalant 
forailatloa  acnaiats  of  89 8  sulfraie  acid,  &  citric  acid  end  58  diethylthl miree 
and  naets  the  above  rsquirsnante  far  safety  In  handling,  scale  solubility  snd 
oorrosicn  protection.  Results  of  full  so  sis  shipboard  hollar  o leaning  trials, 
deducted  under  Laboratory  suparvislcn,  ahoead  that  the  tynodotte  procedure  la 
suitable  for  shipboard  use  and  that  the  selected  lieemlant  fomiletian  is 
superior  to  ay  other  solid  dans' Ing  oqapour  '  evalustsd  to-date.  Baaed  on 
laboratory  bennh-aala  evaluatioa,  It  see  also  shorn  that,  la  aost  ossa,  the 
solid  dote slant  ea  equally  effative  la  rawing  sataralde  deposits  froa  boiler 
tube  sect  lea  a  Inhibited  hydrochloric  acid.  The  aim  ted  daoa?jnt  oculd  also 
be  sefaly  applied  to  carta  steel,  ah iua  only  steel  and  18-8  nye Theater  natal. 
Haw,  the  solid  f  crmistlae  a  sail  a  the  hydroohlorio  aid  sera  art  ran  ly 
carroaivs  to  Crolsy  16-1  desuperheater  natal.  Tb#  (Hat  slat  f  armlet  ion  mao 
adhibited  degradation  Aon  otorad  vadsr  adverse  conditions. 

It  Is  1 1  naan  liar  that  tbs  solid  d  serai  set  r  armistice  bs  adapted  far 
rtipbasrd  vat  art  that  tht  oviTsnt  BOSKITS  Instruct  ice  9910.29  of  9  FWknuay  1998 
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be  revised  according?./.  The  uwtorial.  .'hall  not  o-j  used  an  16-i  desuper¬ 
heaters.  Furtbar  studies  are  needed  to  resolve  roac  or  the  corrosion  end 
storage  stability  problems. 
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ADNdNLSTRATI  VK  XHFORMflTION 

The  pro.ljot  to  develop  facilities  far  shipboard  chemicij  cleaning  of 
boilers  was  initially  authorized  by  BUSK1PS  letter  All/te -041-001(342)119 

(64096)  Ser  342-69  of  15  February  1957. 

The  ccet  of  the  project  was  chargeable  to  Allotmaat  30007/  RDM  57.71. 

The  Navy  Nuaber  vrao  NS -041 -001. 

The  evaluation  waa  oaaducted  intewditsntl”  fran  1957  to  1962  since, 
in  addition  to  the  development  of  shipboard  chemical  cleaning  facilities, 
the  project  entailed  monitoring  of  the  application  of  selected  full-ecal* 

claanii*  procedures  based  an  successful  bench-coal*  evaluations  con¬ 
ducted  by  Wyandotte  Chemicals  Corporation.  These  additional  evaluations  wtre 
conducted  by  the  Inbarartary  under  Subproject  SRQC7-Q8-G4,  Test:  0614. 

References: 

(a)  Trial  of  Boiler  Charslaal  Descaling  Procedure  Developed  by  tyandotte 
Chemicals  Corporation;  final  evaluation  report  of  NBTL  Project  P-357(KS-O41-G0l) 

f  18  Sep  1957 

(b)  Instruct iona  for  Chemical  Cleaning  of  Boilers  by  Ship's  Faroe  - 
SBclasur-  (1)  of  KBT1  l*r  Code  750J19(P-36O)  of  8  Aug  1957 

(c)  Chemical  Cleaning  of  Naval  Boilers,  Information  for  -  Enclosure  (l) 
of  NBTL  ltr  Cods  752J19(P-36C)  of  29  May  1958 

(d)  Chaadoal  Descaling  of  fatemide  Deposits  in  Boilers  Aboard  USS  BEATTY 
(CO-756)  -  Enclosure  (1)  of  NBTL  ltr  rv.oart  Code  732  43 ("-3 60)  of  15  Jul  1958 

(e)  Chemical  Descaling  of  Waterside  Deposits  in  Boiler*  Aboard  USS  CADWS 
(AR-U)  -  Enclosure  (1)  of  NBTL  ltr  report  Code  752  A9(P-30O)  of  17  Sep  1958 

(f)  M  ?<"g  Out  of  niii-6  Boiler,  NBTL  report  Coda  752  S5l(B-270)  of 
31  Oot  1958 


iv 
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(c)  Chesaical  Dcitaaling  cu  USS  CA>'*i"G  (A  >1-14)  OuJ.iere,  Additional  informa¬ 
tion  Concert  dug,  I1BTL  ltr  report  Code  >‘)2  (P-3(0j  of  10  Mo  1  V)8 

(h)  Elec  trocwtrio  Procedure  for  Lhe  A  keying  of  tba  latte  tenualaut 
CK-390 9-C;  report  of  liBTL  Project  P-360(NS-04l-001),  Code  7.4)42 (P-3 60) 

of  3  Jan  1959 

(i)  Chemical  Descaling  of  Waterside  Surface?)  ‘.n  Fire  Tube  A  xr.  Ill  Ary 
Boilers  Aboard  the  USS  FEAKI&5S  (ATO-442);  rei-ort  of  M3TL  Project  P-360(NS-041- 
001),  Code  752J4(P-360>  of  1  Ap  1959 

(J)  Chemical  Descaling  He  colts  of  USS  VUlf  AN  (AR--5)  Doiier  Tubes;  FONECON 
report  of  18  Jun  1959  Record  of  Ccnwreatioa  of  26  Jun  1959 

(k)  Cheuiail  Descaling  of  LS3  VULCAN  (AR-5)  Boiler  Tubes ;  Additional 
Information  Concerning,  NBTL  Project  P~3oQ  ( SR007 -06-04) ,  Cooe  WA0330(P-360) 
of  17  Aug  1959 

(l)  Chemical  Deseeding  of  Waterside  Depoaito  in  Boilrro  Aboard  USS  VULCAN 
Encloeure  (1)  of  NBTL  (Chculrtry  Branb,  Code  752)  BI-Mcadhiy  Progress  Report 
J  9  Out  1959 

(m)  Removal  of  Watomida  Depoelty  free  USS  vtASStf  (ID-778)  Boiler  Tuba; 
Report  of  NBTL  Projaot  P-3o0(SR007-C3-a4) ,  Code  752/l0330(P-360)  of  B  D»  1959 

(n)  Chemical  Cleaning  of  Oil  Contamina-ed  Boiler  Waterside  Surfaces; 
report  of  NBTL  Projaot  P-360,  Code  764/m330tr-360)  of  22  Mar  1960 

(o)  Chemical  Descaling  of  the  Boilers  Aboard  USS  HARWOOD  (t-OE-861)  - 
Bhcloevar  (1)  of  NBTL  ltr  report  Cede  76a/10330(F-360)  uf  10  May  I960 

(p)  Chemical  Dsocaliag  of  the  USS  TAUSSIG  (00-746)  Boilers;  Information 
Concerning  (NBTL  Project  P-360)  -  Enclosure  (1)  of  NBTL  ltr  report  Coda  7 64/ 
10330(P-3K>)  -  of  20  Jun  1960 

(<l)  Effects  of  Varlave  Treatments  on  After-Jtusting  Rew-Ung  from  hncu 
Cleaning;  report  of  NBTL  Project  *>-160  of  ’.7  Aug  I960 
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(r)  Extent  of  Hydrogen  Evolution  During  Cbemiael  Descaling  of  Boilers 
with  Inhibited  Sulfamic  Acid;  report  of  NBTL  Project  P-360(R007-06-G4, 
Subtext  061A)  of  16  Hey  1961 

(s)  NBTL  ltr  report  to  tyandotte  Cheat  a  ale  Corporation  (with  copies  to 
BUSHIPS),  Code  276*/l0330(P-360)  of  13  Jul  1961 

(t)  NBTL  ltr  report  to  Wymdotte  Chenlaels  Corporation  (with  copies  to 
BUSHIPS),  Code  2764A033O(P-36O)  0f  13  Nov  1961 

(u)  MBIL  Chemistry  Branch  (Code  276a)  Bi-Honthly  Progress  Reports  of 
Aug  1999  through  Jul  1962 
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RKPORT  01’  It  I V12GTXCATI01  r 

INTRODUCTION 

A  chemical  descaling  proocduro  ouitablo  for  chipboard  ulc  is  needed  for 
the  rcKO'ml  of  deposits  from  vratercido  surfaces  of  naval  boilers.  The  method 
shall  bo  sufficiently  circle  ond  oofe  oo  that  it  can  bo  easily  handled  by 
ncn-tcchnical  chipboard  personnel.  In  addition,  the  descolent  uholl  bo  a 
colid  formulation  that  ic  water-soluble,  non-volatile,  non-toxic,  non -hazardous 
Curing  storage  end  handling  cud  chemically  at  able  dhen  otorod  aboard  chip.  The 
descolopt  formulation,  vfcen  in  solution,  oholl  possess  a  seale-aolubiliaieg 
capacity  comparable  to  that  of  mineral  acids  end  at  the  none  time  offer  nuudnum 
corrosion  protection  to  boiler  metals,  including  those  of  superheaters  in  high 
pressure  boilers. 

The  Wyandotte  Chemicals  Corporation,  under  BUSBIES  contract,  has  bean 
evaluating  various  materials  and  procedures  that  would  meet  the  above  require¬ 
ments  .  The  investigation  included  bench-saale  studies  In  such  areas  as:  water¬ 
side  deposit  solubility,  natal  corrosion  protection,  metal  passivation,  preven¬ 
tion  of  copper  plating,  deseed. ant  storego  stability,  safety  to  operat^^g  personnel, 
optima  control  conditions  and  the  development  of  analytical  procedures  to  be 
included  in  the  specification  for  the  procurement  of  the  selected  desoalant 
£  armlet  iocs .  The  Laboratory's  mission  was  to  apply  the  successful  bench-scale 
findings  to  full  scale  boiler  descaling  evaluations  cn  Laboratory  end  shipboard 
boilers. 

A  chemical  procedure  proposed  by  Sfrandcrtte  va3  given  a  full  scale  trial  cn 
the  Leboi^atcry  Guest  boiler.  Results  of  this  evaluation,  reported  by  reference 
(e),  shooed  cocplete  removal  of  the  waterside  deposits  and  satisfactory  metal 
prsoivetien  cn  the  carbon  steel  boiler  surfaces.  Although  the  procedure  vras 
not  fully  perfected,  particularly  in  the  area  of  corrosicn  protection  for 
chrccc-moly  steels,  there  was  sufficient  information  availeblo  to  plan  for  do- 
v..d.npEfnrt  of  facilities  for  shipboard  chemical  cleaning  of  boilers .  The  laboratory 
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was  there  foj'e  authorized  to  proceed  r/ith  tho  preparation  of  the  following 
fee  Hit  1  as  far  u  shipboard  evaluation: 

Suitable  mixing  tanka  for  preparation  of  solutions.  Those  tonkn 
should  bo  either  collapsible  or  easily  disassembled  for  storage. 

Chemical  resistant  pumps  and  hose 

Protective  clothing 

Noccssnry  steam,  uir  end  nitrogen  lines  to  the  chorals  ul  nixing  tanka 
and  boiler. 

Detailed  instructions  anverlng  tho  prooeuure  described  An  reference 
(a),  including  boiler  and  cleaning  equipuant  piping  arrangement,  so  that  the 
method  con  bo  cosily  followed  by  ship’s  opo rating  personnel. 

In  addition,  the  Laboratory  sms  authorised  to  continually  monitor  all 
Improved  boiler  descaling  procedures,  developed  by  tyendotte  Chemicals  Corporation 
with  respect  to  boiler  notal  corrosion  protection,  copper  plating,  scale  dis¬ 
solution,  optimum  control  conditions  and  application  of  selected  methods  to 
full  scale  boiler  cleaning  evaluations  aboard  ship.  As  pert  of  this  program, 

♦he  Laboratory  also  participated  in  the  verification  end  technical  appraisal  of 
xhe  analytical  methods  contained  in  the  Wyandotte -propooe cl  specifications  for 
tho  procurement  of  the  selected  dcacelaat  formulations. 

DESCRIPTION  OP  MATERIALS 
Qtfwrlcala 

The  following  tyandotte-propoeed  dseealant  formulations  mare  evaluated: 


CraurMtuamt 

mroom  pbsiqnaxsp  rcKwaixima 

CR-3909 -C  CA-5923  CR-7064-fl  3.17.1 

(nerocntl  (uexoentV  (wreant)  (Jtraitl 

Sodium  bisulfate 

91 

89 

m* 

ea 

Sulfamic  acid,  IAC* 

- 

- 

- 

89 

Sulfuric  acid,  WQAC* 

- 

am 

89 

- 

Citric  acid,  mcnchydrate 

6 

6 

6 

- 

Citric  mold,  anhydrous 

- 

* 

- 

6 

Armour  RD-25Q6-P** 

) 

— 

- 

- 

Diethylthiourea(DETU ) 

- 

> 

5 

- 

Penoacno  E  inhibitor*”** 

<ee 

- 

am 

3 

2 
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**  WAO  -  villi  antlcs!;ing  agent  (mlororine  silica) .  WOAC  -  without  eat  looking 
agent. 

**  A  liquid  inhibitor  added  separately. 

***  A  blond  of  about  97/  diethylthiouroa  and  about  3/  microfluc  silica. 

The  passivating  fcairail aticn,  Wyaadatto  designation  CH-3875-D ,  cawloted 
or  the  foil  erring  on  a  dry  basin: 


Cfloaii&ifiai  'Spjsse k 

Sodium  nitrite  50 

Monosodium  hydrogen  phosphate  25 

Din  odium  hydrogen  phosphate  25 


gqulwnant 

Collapsible  rubber-coaccd  nylon  mixing  tanta  (nominal  capacity  -  3000  gallons). 
Stainless  rteol  chemical  mixing  tanks  (nominal  capacity  -  2400  gallons) . 
Stainless  steel  chemical  mixing  tanks  (nominal  o  opacity  -  80  gall  cue) . 
Neutralising  tucks. 

Acid  resistant  pumps . 

Acid  resistant  hoar. 

'*-eem  hoso. 

Safety  equipment . 


Two  collapsible  rubber-ooirted  nylon  mixing  tanks,  on  cold  resistant  jxuqp 
■md  necessary  hose  wero  purchased  by  BUSHIP3  end  shipped  to  the  Laboratory  for 
evaluation.  Since  these  tenkn  were  normally  used  for  atorate  of  potable  water. 

It  was  necessary  to  determine  whether  the  tanks  were  reliable  for  handling  hot 
acidic  and  caustic  solutions .  Several  specimens  out  from  the  patches  provided 
with  this  equipment  were  exposed  to  20 %  solutions  by  weight  of  tywndotte  de- 
scalsnt  formulation  CR-39G9-C  and  held  at  185  F  for  4  hours.  Other  speoisms 
wero  treated  with  h at  %  solutions  of  caustlo  soda  to  simulate  acid  neutralisation 
conditions.  Hot  ahemioal  solutions  were  also  poured  over  oonfined  areas  of  the 
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bottom  cu.'  tho  tonka  anil  after  eevorcl  hours  cxmtlnod  for  materiel  decradati'wi . 

All  toots  showed  that  there  was  rio  dogrudation  of  the  material  end  the  tanks 
could  be  oafoly  used  for  hmdllng  tho  chemical;:.  However,  it  wan  noted  that 
wherever  slight  damage  to  the  rubber  coating  occurred,  thus  exposing  the  nylon 
fabric,  degradation  would  take  place.  Sinco  damage  to  the  coating  was  always 
a  possibility,  patching  trials  aero  also  conducted  in  accordance  with  the 
rumufocturor's  Instructions  end  using  the  repair  kit  provided  with  the  equipment. 
Reeulte  showed  that  the  tankn  were  easily  repairable  in  case  of  damage.  After 
filling  the  tanks  with  water  and  hooking  up  the  hoee  and  pump  and  recirculating 
the  water,  it  was  found  that,  with  proper  cere,  the  system  was  suitable  for  use 
during  shipboard  boiler  chemical  cleaning  operations. 

Moreover,  the  tonka  could  be  cleaned,  and  collapsed  into  a  relatively 
small  package  and  stored  aboard  a  tender  or  other  ship. 

Based  on  this  trial,  the  tanks  and  other  cleaning  equipment  were  crated  and 
shipped  to  CGMDESLANT  for  the  forthcoming  boiler  descaling  trial  aboard  the 
USS  MILLER  (ED-535) .  A  detailed  chemical  descaling  procedure  similar  to  that 
us'  *  during  reference  (a)  was  forwarded  to  CCMJE3LAMT,  with  ooples  to  BUSRIPS, 
by  reference  (b) .  This  Information  also  included  methods  far  tank  erection,  tank 
repair,  preparation  of  the  boiler  and  equipment  for  c loaning  and  necessary 
safety  precautions. 

SttUffT  Pwtltog.Xrlftl 

The  No.  3  boiler  was  chemically  cleaned  on  10  September  1957  by  the  ship’s 
engineering  personnel,  assisted  by  repair  personnel  from  the  USS  YOSHJCTK (AD-19) . 
Before  closing  the  boiler,  several  RA,  RB  and  RC  row  tubes  wore  plugged  far 
subsequent  removal  to  compare  with  removed  adjacent  tubes  (not  plugged)  for 
comparison  and  appraisal  of  the  cleaning  operation.  Test  spec  loans  of  carbon 
steel,  carbcn-moly  and  ohrcae-ooly  were  also  suspended  in  the  steam  drum  far 
additional  metal  corrosion  information.  The  boiler  piping  hook-up  method  end  the 
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cheoioal  c  loaning  procedure  used  »«re  in  accord  enoo  with  tho  Instructions  af 
reference  (b)  rrtth  the  exception  that  tho  hat  \mter  in  tho  boiler,  uoed  for 
preheating  the  boiler,  mis  pumped  Into  one  of  the  mixing  tunkj  to  dissolve  the 
solid  desoAlont  chemicals.  Aftor  the  nitrite-phosphate  pes3ivnting  treatment, 
tho  boilor  woe  opened  for  inspection.  Preliminary  inspection  of  the  steam 
end  nator  drums  and  tube  ondo  from  each  drum  showed  that  the  descaling  operation 
nas  oucconsful.  However,  after  removal  and  splitting  of  the  plugged  (not  ex¬ 
posed  to  tho  desealant  solutions)  and  the  adjacent  unplugged  (oxpoeed  to  de- 
sc alont  solutions)  boiler  tubes,  it  was  found  that  not  all  of  the  waterside 
deposits,  particularly  those  toward  the  side  of  the  fire,  were  removed  from  soma 
of  tho  tubes.  Further  examination  at  tho  Laboratory  revealed  that  the  plugged 
HA  screen  row  tubes  were  heavily  scaled  and  would  be  expected  to  offer  resistance 
to  complete  descaling  after  four  houro  of  treatment.  Far  example:  the  RA-7 
soreen  tube  that  was  not  exposed  to  the  descaling  treatment  bad  a  scale  thickness 
of  l/l6"  on  the  side  toward  the  fire  and  ves  badly  pitted;  the  adjacent  EA-6  tube, 
exposed  to  the  descaling  treatment,  was  clean  on  the  side  away  from  the  fire  but 
h'  *  considerable  deposits  on  the  other  half  of  the  tube  and  considerable  after- 
rusting.  Comparison  of  the  KBS  soreen  tube  (plugged)  with  the  RB-9  (unplugged) 
tube  showed  satisfactory  dasoaling  results.  Similar  comparisons  of  the  one  inch 
tubes  (plugged  and  unplugged)  also  showed  satisfactory  descaling  results  except 
far  sporadic  redeposited  but  loosened  deposits.  Where  no  loose  deposits  were 
evident,  the  waterside  metal  surfaces  were  steel  grey  and  well  passivated .  It 
was  also  evident  that  any  loose  deposits  coating  the  steel  Eurftoee  rejeoted  the 
nitrite-phosphate  passivating  treatment.  It  was  estimated  that  about  90  to  9Qf£ 
of  the  boiler's  deposits  were  removed  by  this  descaling  procedure. 

Chemical  analyses  of  the  deposits  from  two  adjacent  (plugged  and  unplugged) 
screen  tubes  ere  presented  below: 
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EXBtSSfi#  LM- 

RA-7  (plugged) 

RA-6  (unplugged) 

.itifSfiail — 

Iren 

Fe2(>3 

2;3.5 

20.2 

Copper 

CuO 

21.6 

38.9 

Calcium 

CaO 

9.9 

7.8 

Magnesium 

MgO 

8.6 

2  .4 

Phosphate 

p2°3 

12.4 

5.6 

Silica 

sio2 

2.5 

:3.:> 

tine 

ZnO 

3.4 

.1.3 

Sulfate 

SOj 

fJcoc 

7.8 

Results  cf  the  analyses  indicate  the  following: 


Based  cm  the  premise  that  the  adjacent  tubes  had  about  the  soic  amounts 
qi'  deposit  vith  clcr1  lar  chemical  caapoeition,  it  is  reasonable  to  conclude  that 
th?  2$  by  ecidit  CR-3909-C  descalsut  solution  selectively  dissolved  and/or 
removed  considerably  more  Iran,  magnesium,  phosphate,  nine  end  to  a  lesser  ex¬ 
tent  calcium  then  copper  and  silica. 

Tue  presence  of  sulfate  ico  in  the  RA-6  screen  tube  unreiaoved  deposit  is 
probably  due  to  ’the  sodium  bisuli'ate  in  the  descaling  solution  that  soahed  the 
deposit . 

Subsequent  analysis  of  the  "spent"  acid  desealant  showed  the  following: 

Percent  acid  consumption  (based  on  the  original  strength)  -  1£J 

Soluble  copper  -  14  ppm 

Suspended  copper  (undiacclwd)  -  53  ppa 

Soluble  iron,  expressed  ns  Kc^Qj}  -  9.1  lbs  ./ICO  gallons  of  ’'spent" 
solution. 

Total  c  club  Is  iron,  exprerned  os  t’^Oj ,  ronoved  from  the  toiler  -  223  lbs. 

Total  suspended  iron  (uodt8ool"ed) .  expressed  ee  Fe^O^.  removed  free 
the  bailor  -  3  lbs. 

These  roeults  further  confirm  the  abovo  oboer.atiar  that  raare  iron  ms  solubilised 
by  the  descalnzrt  than  copier.  TT.e  fact  that-  the  original  deposit  ccnfcained  leas 
than  5QS  inn  as  Fey^t*  it  t"  «loo  presumed  that  considerably  aoj-o  scaled  de¬ 
posits  were  removed  by  thin  cleaning  procedure  than  the  23b  lbs,  of  total  iron 

i- 
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/ihoan  Above. 

Further  examination  of  dosooled  but  rusty  opllt  boiler  tubes  where  the 
thin  layers  of  doposit  wore  originally  preouraod  to  be  oeuncd  by  scale  re- 
deposition  und/or  aftor-rurrting  was  later  shown  to  be  canned  by  csoppor  plating. 
When  the  "rusty"  tube  surfaces  were  treated  vith  a  copper  removing  agent, 
consisting  of  a  dilute  unmonium  hydroxide  solution  end  containing  smell  amounts 
of  sodium  chlorate,  potassium  broonto  and  enrasviun  carbonate,  olcun  tube  sur- 
feoes  were  obtained.  Noodlecc  to  3 ay,  tho  copper  removing  solution  burned  deap 
bine,  indie  sting  the  presence  of  large  amounts  of  copper  deposition.  The  copper 
plating  problem  was  known  to  exist  during  ohendcnl  cleaning  of  waterside  surfaces 
than  the  deposits  ore  high  in  copper  o  on  tent  end  no  copper  removing  or  c  duplexing 
agent  is  used.  The  corrosion  inhibitor  HD-25 OC-P,  although  offering  excellent 
corrosion  protection  to  carbon  steel,  does  not  possess  inhibiting  properties 
against  copper  plating.  Removal  of  copper,  in  the  amounts  shown  shove,  could 
only  be  accomplished  by  either  cn  external  ansnanium  hydroxide  treatment  in  the 
presence  of  oxidizing  media  or  by  suitable  copper  oonplealng  agents  contained  In 
he  descaling  formulation.  After  treatment  of  the  descaled  split  tube  sections 
with  ammonia,  a  number  of  "rusty"  tube  surf ooes  looked  clean  and  therefore,  after 
a  second  appraisal  of  tho  shipboard  cleaning  trial,  it  was  concluded  that  the 
trial  was  satisfactory  except  for  the  copper  plating  problem  that  will  be  dis¬ 
cussed  later  in  this  repart.  No  copper  plating  problem  was  encountered  during 
the  Laboratory  full  seals  cleaning  trial  on  the  Quest  boiler  (reference  (a)), 
using  the  soar  CR-3909-C  desealant,  beoause  relatively  small  amounts  of  copper 
were  present  in  the  waterside  deposits. 

The  previously  weighed  and  measured  corrosion  test  spec  leans  suspended  in 
the  steam  drum  eere  removed  and  cleaned  with  the  amsnia-oxident  solution  to 
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remove  the  copper  plr.ting .  Alter  div  n,T  ana  ■c  'ej '^hing,  the  corroniari  loaner 
vrore  determined .  The  cirrodion  rate:!  o'  Ucve  jt.-jtj  erpr-erced  an  .Vi>n ,/iX^/ixv. 
ore  given  below: 


Crr'x n  stool 

0.0011 

Cerbcn-aoly  stee.i 

0.0055 

2-^i  Chrome-  K  mol;. 

0.0150 

fft.eol 

*  Average  values  of  duplicate  determlr-rt-ionr 

These  corroeicn  vu were  in  fell  ag-reeexat.  jith  thoce  nonr-lly  obtained 
in  laboratory  beaker  teste  vfoen  elmler  teen;  specimens  were  expmed  to  2C?S  by 
weight  of  CR-3909-0  deecalcirt  solutions  containing  corrosive  additives  normally 
found  In  "spent"  deocolonts.  However,  the  corroslcn  losses  of  the  chrone-ooly 
steel  were  only  about  half  at  those  obtained  during  the  Guest  boiler  descaling 
trial  (reference  (a)).  There  loeses  were  still  considered  prohibitive  and, 
therefore.,  this  forrculaticn  was  only  acceptable  far  cleaning  the  generating  bank 
of  a  boiler. 

At  a  subsequent  aeeting  with  Bureau  end  ^pwndotte  Checicals  Corporation 
.reaanel,  based  an  the  results  obtained,  the  following  iteac  were  resolved: 

Since  cnly  13*.  of  the  original  acid  strength  cres  oensuaed  after  the 
four-hour  soaking  period,  the  operation  quell  be  extended  to  a  seven -hour 
eoakiig  period. 

Forwulatloo  0-3909-0  shall  not  be  used  on  cartvn-enly  end  cbraneHaoly 

steels. 

The  mnie-oxident  co,  per  roaovij^  procedure,  alfhuu^i  effective  f:- 
reserving  copper  fren  bvl'er  ’nrtrre id*  depooitc,  shall  net  be  used  an  shipboard 
installations  due  to  the  potential  hes'ird  Lrrrol  wd .  Othar  inhibitors ,  capable 
of  preventing  copper  deposition,  eh. all  be  evaluated  and  blended  into  the  f emula¬ 


tion. 
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The  information  contained  In  roferraioe  (b)  and  that  obtained  froa  the 
boiler  descaling  trial  aboard  the  USS  MILLER  (ED-535)  was  uoed  for  the 
preparation  by  BUSIUPS  of  the  ohetalool  cleaning  procedure  order  Method  II 
of  Appendix  B  of  Enclosure  (1)  of  BUSHIF3  Tcntniotion  9510.29  Uer  551B-70 
cf  5  February  1958.  The  only  exception  was  the  extension  of  the  Booking  period 
from  four  hairs  to  seven  hours  with  intermittent  solvent  recirculation. 
Zflgtolgli  A.’ffii.Ttanoft  m  Chemical  Cleaning  of  Naval  Pollers 

Following  the  USS  HILLER  boiler  descaling  trial.,  the  Laboratory  conducted 
training  sea  a  ions  for  COfcDESLANT  personnel,  who  in  turn  would  supervise  the 
decoding  operations  on  ships  under  their  ooumsad.  Instruction  was  offered  on 
piping-up  details,  acid  strength  control  during  the  soaking  period  and  the 
colorimetric  determination  of  soluble  iron  In  the  used  uolutlons.  In  addition, 
since  frequent  operations  wore  anticipated,  CCUDESLANT  desired  to  set  up  a  more 
pemaiMut  ohacdoel  mixing  facility  then  the  rubber  tanka .  Moreover,  during 
chemically  cleaning  of  the  USS  BEATTY  boilers  No.  1  and  No.  2,  the  rubber- 
coated  nylon  mixing  tanks  sprung  leaks  and  patching  proved  unsuccessful.  The 
laboratory  furnished  this  command  with  details  for  construction  of  a  stainless 
<  ,n.«*el  nixing  tank  (nominal  capacity  -  2400  gallons)  comparable  to  that  used 
at  the  Laboratory.  A  procedure  for  the  colorimetric  determination  of  total 
iron  was  developed  and  details  forwarded.  This  method  also  contained  naxinum 
limits  for  Iron  content  (a  maximum  of  1.2£)  as  a  control  for  possible  reuse  of 
"spent"  desoalaat  solutions.  This  information  was  forwarded  by  reference  (e). 
ter  Peeeatiaw  Trial  Aboard  UBS  MiTTf  fmJWtt 

Boilers  No.  3  end  4  were  descaled  by  the  ship's  force  on  6-7  May  1958  under 
the  supervision  of  laboratory  personnel.  Inspection  of  the  boiler  watersides 
prior  to  descaling  showed  them  to  be  heavily  scaled,  The  piping-up  procedure 
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•nd  descaling  method  used  sere  In  accordance  with  DUSHIPS  I net  motion  9510.29 


of  5  February  1958.  The  sold  consumption  rate  and  Iron  pick-up  were  determined 
periodio ally .  Boiler  No.  4  was  the  first  to  be  treated  with  iho  strand  de- 
soalent.  After  about  7  hours,  the  CR-3909-0  solution  concentration  dropped 


fraa  19.0*  to  15.1$.  Since  the  lrcn  pick-up  did  not  exceed  the  maximum  limit 
of  1.2*  as  Fe  (a  maximum  figure  fixed  by  the  Laboratory  based  on  post  experience), 
it  was  decided  to  reuse  the  ’’spent"  solution  an  the  No.  3  boiler.  The  d esc alent 
concentration  on  this  boiler  dropped  from  15.156  to  10. G*.  BoiLcrc  No.  1  and  2, 
although  found  to  be  in  fair  condition,  were  scheduled  far  cleaning.  However, 
they  wore  not  cleaned  due  to  failures  of  the  rubber-coated  mixing  tanks.  The 
total  amount  of  iron  removed  from  the  No.  3  boiler  was  208  lbe.  as  FejOj  and 
that  from  the  No.  4  boiler  was  254  lbs.  as  Fe^. 

Inspection  of  plugged  (not  chaotically  cleaned)  and  adjacent  unplugged 
(chemically  cleaned)  "A"  row  screen  tubes  revealed  that  they  were  about  9Q* 
dean.  Considerable  pitting  was  noted  on  the  cleaned  tubes.  Results  of  the 
cleaning  trial  were  generally  satisfactory.  This  information  was  forwarded  to 
"SHIPS  by  reference  (d). 


Boiler  PcwiIIm 


XtlljJttflBaUBg  SUMS.  (AR-TA) 


Boilers  Mo.  1  end  2  were  descaled  by  ship's  farce  on  23-24  August  1958 
under  the  supervision  of  Laboratory  personnel.  Both  boilers  were  considered 
heavily  scaled,  although  No.  1  boiler  had  75*  of  its  tubes  renewed,  Tho  pro¬ 
cedure  employed  was  in  accordance  with  BUSHIPS  Instruction  9510.29  of  5  February 
1958,  A  22*  solution  by  weight  of  CR-3909-C  was  pulped  into  the  No.  1  boiler 
and  after  seven  hours  of  soaking  and  alternate  circulation  the  concentration 
dropped  to  17.7*.  Since  the  total  iron  content  did  not  exceed  the  1.2* 
limit,  the  solution  was  reused  on  Boiler  No.  2.  After  some  dilution  of  the  ’’spent" 
de sealant  due  to  heavy  rain,  the  solution  strength  in  the  boiler  dropped  fraa 
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16 .fl#  to  11. 4^.  The  total  irou  piok-up  during  this  trial  wo a  rather  low 
where  only  102  lbs.  of  iron  os  ^2^3  WGa  1<cmoV8<l  frcxn  tho  Wo.  1  boiler  end 
only  S9  lbo.  from  the  No.  2  boiler.  An  evaluation  too  also  mado  of  tho  use 
of  pH  test  paper  as  a  mono  far  shipboard  oontrol  of  a: id  depletion  rate. 
Although  satisfactory  results  were  obtained  at  the  Laboratory  than  coopered 
with  readings  on  a  Beckman  pll  meter,  the  results  obtained  during  this  trial 
wore  subject  to  question  end  tho  idea  was  abandoned. 

Inspection  of  tho  boilorj  made  it  appear  at  first  that  the  cleaning  opera¬ 
tion  was  successful.  Hooever,  inspection  of  plugged  and  unplugged  split  screen 
row  tubes  showed  only  about  805f  scale  removal,  presumed  to  bo  duo  to  the  heavy 
deposits  originally  on  tho  tubes.  Consideration  tms  tho  refaro  given  to  re- 
cleaning  of  tho  No.  2  boiler.  This  information  was  reported  by  reference  (e) . 

Further  tests  ware  requested  by  BUSiUPS  to  account  for  the  low  iron  content 
in  the  ’'spent"  descalsnt  solutions,  while  the  acid  consumption  was  relatively 
high.  It  was  therefore  decided  to  determine  tho  nature  of  the  deposit  on  a 
split  boiler  tube  section,  removed  prior  to  the  descaling  trial,  that  was 
submitted  for  analysis.  Examination  of  the  tube  showed  that  the  deposit  was 
i CMPoaed  of  two  distinct  layers.  The  top  layer  was  a  soft,  reddish  brown 
powdery  deposit  easily  removable  by  brushing.  The  lower  uniform  layer  made  up 
the  major  port  of  the  deposit  and  was  1/16"  thick.  This  layer  was  not  removable 
by  wire  brushing  and  was  very  hard  and  tenacious  and  would  be  difficult  to 
remove  with  the  bisulfate  formulation.  Results  of  the  analyses  indicated  that 
the  lower  dense  layer,  which  comprised  the  major  pert  of  the  deposit,  contained 
only  15. 33^  of  iron,  expressed  os  F02O3.  Tho  principal  component  of  the  deposit 
was  zinc  (55.65JC  as  ZnO)  followed  by  phosphate  (12.78jS  as  P2O9)  with  lessor 
amounts  of  other  waterside  aoale  constituents .  It  wtu  of  Interest  to  note  that 
the  copper  content  we a  quite  low  (0.5555  as  CuO).  The  upper  soft  layer  contained 
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mare  Iron  and  lass  sine.  Tliio  arpluinod  tho  roan  on  for  tho  Low  Iron  pick-up 
by  the  descaling  solution  and  tho  relatively  hi#*  acid  conmuuptico.  Since 
only  a  anal!  portico  of  the  deposit  conn  lot  ed  of  iron,  It  van  conceivable 
that  only  102  lbo.  and  89  lbs.  expressed  an  FojO?,  were  removed  from  boiler 
No.  1  and  2  ranpectivoly.  It  in  also  safe  to  ccouco,  based  on  the  low  iron 
aantent  in  the  taajar  portion  of  tho  deposit,  that  at  loost  three  hundred  lbs. 
of  socle  were  removed  from  ench  boiler.  This  type  of  hard  deposit  would  not 
bo  readily  removable  by  the  CR-3909-C  dose aldrt  formulation  or,  for  that 
matter,  by  a  1056  inhibited  hydrochloric  acid  solution. 

Results  of  the  analyses  of  the  waterside  deposits  also  showed  that  tho 
Iron  pick-up  test  used  during  descaling  operations  Is  not  significant  enough 
as  a  criterion  far  the  completion  of  a  boiler  descaling  process,  particularly 
vfcere  the  baked -on  sludge  is  low  in  Iron.  It  ms  therefore  recocraended  that 
the  iron  test  be  dropped*  The  acid-base  titration  procedure  is  the  simplest 
means  far  predicting  the  ocspletlon  of  the  operation  *en  on  average  amount 
of  soft  scale  ia  present  in  the  boiler.  Under  extreme  conditions,  as  found 
an  these  tubes,  a  16-hcur  soaking  period  would  have  been  mare  effective  to 
remove  ell  of  the  deposits.  Similar  deposits,  treated  at  the  Laboratory,  usually 
require  16  hours  of  treatment  far  complete  so  ale  removal. 

The  results  of  the  analyses  of  the  descaling  solutions  after  successive 
hourly  recirculations  and  the  analyses  of  the  deposits  were  reported  by  re¬ 
ference  (g). 

Bgtoaettlfi.  Presaflirs.  flaadaUsa 

A  proposed  military  specification  for  the  procurement  of  a  Navy  solid 
desoalant  ooopound  similar  in  oonpoeition  to  the  CR-3909-C  formulation  was 
prepared  by  Wyandotte.  Included  in  the  specification  was  a  proposed  procedure 
for  the  assaying  ef  the  solid  form  ooopound  far  total  acidity,  bisulfate  acidity 
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and  citric  to  id .  The  method,  develop**-  by  WyonJotte,  war  electrometric , 
dicreby  the  ocnpoaition  oi  toe  nodium  h lnuJ C at e  *>  citric  acid  uixture  could 
be  determined  in  a  single  titreticn.  This  procedure  wee  lcr..  Mae-oocsuminfe 
then  the  conventional  graviaatric  nwthoda  of  analyst a  for  citric  acid  by  the 
peotabrcaaa  atone  nnthod,  for  sulfote  by  the  barium  sulfate  method  and  for 
total  acidity  by  the  standard  to  id-base  titration  method,  the  electrometric 
procedure  oensieted  of  titrating  the  da.ee  slant  sample  with  ;  etramethy].  -wral up 
hydroad.de  (HttH)  in  iaopropeaol.  Too  inflection  points  are  obtained  in  this 
titration  from  tiah  the  percentage  total  acidity,  bisulfate  acidity,  citric 
•aid  end  sodium  bisulfate  can  be  calculated.  Sharp  end  points  are  produced 
at  eeoh  inflection,  provided  the  proposed  schedule  for  the  addition  of  the 
small  lnaremanta  of  TMAO  is  closely  followed. 

The  laboratory  eaa  requested  to  verify  this  analytical  procedure  and  offer 
a  technical  appraisal  as  to  the  accuracy  and  reproducibility  of  the  method  mad 
pertinent  oaonants .  Throe  separate  batches  of  the  solid  port  ion  of  the  tyondotte 
tom  slant  fonaulaticn  CH-3909-C  ware  used  far  this  mOytical  study  *>ere  12 
'  iquot  (four  fren  oaoh  batch)  on  papered.  Results  for  total  acidity, 

bisulfate  acidity  sad  citric  acid  shoved  arcellant  reproducibility  ad  In  good 
HJiiesiT  between  the  sverege  velace  obtained  at  the  Laboratory  and  those  of 
tyreedotte.  The  composition  Unite  listed  in  the  proposed  specification  for  the 
Maty  dseoalJKzt  (C1-3909-C)  sere  37.5  to  U.2*  far  tote!  acidity  as  KjSO*, 

33.0  to  37.0  for  bisulfite  acidity  as  HjSO;  m*  6.2  U.C*  for  oitric  acid. 

Use  average  results  obtained  at  the  laboratory  sere  39. total  acidity,  34. 9l 
bisulfate  acidity  ami  6. fit  oitric  acid,  or  about  half-way  between  the  proposed 
specification  Unite. 

The  Laboratory  therefore  1  wco—adwd  that  the  proposed  analytical  procedure 
be  cavi dared  acceptable  u  pert  of  the  epeolficatu*  requirement  for  the 
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procurement  of  Navy  Boiler  Dcscalont  Compound  (CJt-3909-C) .  A  report,  on  the 
analytical  investigation  wan  forwarded  by  rofcrmaoo  (li) . 

BaaaflJng  Wat  cn  Hr?  lute  atourdLSho. l&l.mi2^JlEQ=U2l 

Wyandotte  Chemicals  Corporation,  based  ar\  their  b<mch-s)o ale  corrosion  data 
cn  a  nuntoor  of  nr/i-forrous  alleys  and  including  silicon-brcrnc,  reported  that 
the  desealant  formulation  CR-3909-C  can  be  b  rifely  uced  on  silicon-brcrae  fire 
tube  boiler  voters Ida  surfaced  without  the  need  of  a  corrosion  inhibitor.  In 
addition,  eince  no  after-rusting  on  these  surfaces  takes  place,  the  nltrite- 
phoephate  treatment  step  con  be  eliminated .  In  order  to  fully  evaluate  this 
procedure,  a  oiliaoa-breoze  fire  tube  auxiliary  boiler  vac  descaled  on  24  February 
1959  by  ship's  personnel  under  supervision  of  Bureau  and  Laboratory  representatives. 
Before  this  operation,  six  previously  weighed  and  measured  silicon-bronze  test 
specimens  were  hung  in  the  boiler  to  compare  corrosion  values  during  boiler  de¬ 
scaling  with  those  obtained  at  Wyandotte .  A  fire  tube  carbon  steel  auxiliary 
boilor  wras  also  decoeled.  The  silicon-bronze  boiler  received  the  2QK  by  weight 
of  uninhibited  solid  desealant  (CR-3909-C)  treatment  followed  by  a  mild  acid 
-inse  (pH -2)  and  a  water  rinso.  The  carbon  staol  auxiliary  boiler  received  the 
regular  inhibited  descaling  treatment,  including  the  pH-2  rinse  and  the  nitrite- 
phosphate  application,  as  required  by  B03HIPS  Instruction  9510.29  of  5  February 
1958.  In  addition,  air  displacement  of  solutions  was  uaod  on  the  silicon -bronze 
boiler,  while  nitrogen  gas  displacement  was  applied  on  the  carbon  steel  boiler. 

Both  boilers  were  treated  for  seven  hours  with  the  strong  desoalante . 

A  pont -cleaning  Inspection  of  the  waterside  surfaces  of  berth  boilers  re¬ 
vealed  that  the  desoollsg  operation  was  successful.  However,  tube  No.  23  in 
the  carboL  steal  boiler  had  developed  a  leak  during  the  operation  and  required 
plugging.  Tubes  No.  3  end  23  were  subsequently  removed  end  shipped  to  the 
Laboratory.  Inspection  of  the  watersides  revealed  much  oorrosion  and  pitting. 
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v;ltii  pit  ponotratloiia  of  50  to  100JS  on  tube  t.'o.  23  and  30  to  6Q£  on  tubs 
No.  3.  The  oauco  of  tide  trouble  was  direotly  attributed  to  the  uoe  of  un- 
^afuMAa  water  in  the  bailor. 

The  silicom-branso  test,  speo^rcenn  hung  ir  the  boiler  xicr-:-  removed,  cleaned, 
dried,  weighed  sod  artel  loo  a  oalcmlated.  Results  shooed  only  negligible 
corrosion  losses  even  in  the  absence  of  a  oorroelon  inhibitor  and  without  a 
nitrite-phosphate  passivating  troatnsat. 

,\r  nm  lr>  ->i  i.hc  o—i;ri.nal  wutcrctdc  amle  ftwnd  In  the  cl?  Ican-broor,** 

:  ;>•  *  -  •• .  r  \c,f.  hv:  >..•»  b.-  calcium,  iaagn»;r  utui,  oo.pjwr 

sllloa  and  Iran.  Analyses  of  the  spent  deaoalnxts  from  both  boilers  wan  also 
made. 

Based  on  tlio  negligible  casroslon  losses  obtained  aa  the  oHiccn-branzo 
specimens,  the  Laboratory  rccocnended  that  the  uninhibited  farvulatian  CR-3909-C 
can  be  safely  used  for  descaling  of  sillacn-branzo  bollarn.  It  was  also  re— 
oaexasnded  that  the  ship  should  adopt  a  water  treatment  program  in  order  to 
minimize  the  corrosion  and  pitting  in  the  carbon  steel  boiler.  This  Information 
-  reported  by  reference  (i) . 

MaULac  aagMUat  Trial  Ataarfl 

Since  copper  plating  was  shown  to  be  a  serious  problem,  particularly  during 
the  USS  KELLER  (DD-535)  descaling  trial  there  the  copper  content  In  the  water¬ 
side  deposits  was  high,  Wyandotte  evaluated  a  nunfcer  of  sulfur-bearing  oorroelon 
inhibitors  that  looted  promising  In  preventing  copper  plating  on  o leaned  boiler 
waterside  surfaces.  Diethylthlourea  inhibitor  (DETU)  showed  to  be  the  most 
suitable  agent  for  blending  into  the  solid  portion  of  the  CR-3909-C  da  sealant 
farmlartian  with  respect  to  prevention  of  copper  plating  and  the  aboanoe  of 
objectionable  evolution  of  sulfide  gases,  so  characteristic  of  other  sulfur- 
bearing  inhibitors.  In  addition,  this  inhibitor  (DETU)  offered  exoallant 
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corrosion  protection  to  stainlosa  end  cln-omo-noly  obcoln  and  their  bi-ewtalllc 
Junctions,  while  inhibitor  nt-2308-P,  contained  lu  the  011-3909 -C  fomuletica, 
exhibited  very  poor  protective  oharactorl/rtiao  for  chrorno-moly  stools.  Use  of 
the  EETU  inhibitor  would  theroforo  offer  a  bonus  feature  during  chemical  de¬ 
scaling  of  superheaters  on  600  psl  boilers,  tiiero  l£  chrome  or  2^  chrome  is 
found  in  uio  ouperfioatero  caul  oa  1200  pai  boilcra,  thoro  the  headera  are  1*-  or 
2^  chrome,  with  1>  cr  2{-  clirom  tubes,  followed  by  18-8  otai ticca  in  the  last 
pass  of  the  superheaters .  In  the  1200  pai  boiler  systems,  there  bi-metallic 
wolds  join  the  chrome-moly  steels  with  the  18-8  otainlcsa  stools,  chemical 
cleaning  of  the  superheaters  would  be  sofv  whan  DETU  is  used.  A  new  dose  Plant 
was  therefore  formulated,  containing  3 odium  bisulfate,  citric  acid  and  diethyl- 
thiourea,  Byandottc  designation  CR-5923.  Since  post  boiler  descaling  trials 
allowed  that  the  blaulf ate-c Itrlc  ecid  mixture  was  effective  on  boilers  that 
contained  relatively  small  amounts  of  waterside  deposits  and  was  not  totally 
effective  on  dersa,  hard  and  tenacious  deposits,  it  was  decided  to  select  a 
ship  kaewn  to  have  heavily  scaled  bailers  for  the  next  boiler  descaling  trial. 

o-ing  tho  forthcoming  trial,  it  was  also  desired  to  study  the  effect  of  using 
"spent",  but  refartified  deccalant  solution  on  tho  corrosion  of  boiler  steels. 

Boilers  No.  1  and  2  wore  descaled  by  ship's  force  an  3-4  Juno  1959  under 
the  supervision  of  BU5HIPS  and  Laboratory  personnel.  Boiler  watersides  Inspec¬ 
tion  prior  to  the  descaling  operation  could  not  be  made  because  the  boilers 
were  closed  up  by  ship's  personnel  before  the  arrival  of  Laboratory  representatives . 
Before  closing  tho  boiler,  several  boiler  tubes  were  plugged  for  subsequent  re¬ 
moval  end  comparison  with  adjacent  removed  unplugged  tubes  in  order  to  determine 
the  ef fleecy  of  the  cleaning  operation.  Also,  previously  supplied  oorrosion 
test  specimens  representative  of  all  types  of  boiler  steels  and  including  bi¬ 
metallic  welds  of  2i  chrome  and  321  stainless  steel,  were  suspended  in  the  steam 
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drums  of  both  boilers.  This  was  done  in  order  to  oomiarc  the  oorrcaicn  lenses 
obtained  on  those  opcoinean  with  tho  fresh  deuoalent  to  bo  uoed  on  t!ie  Ho.  1 
boiler  and  the  partially  spent  solutions,  rofartifiod  with  additional  descelant 
said  inhibitor  to  be  used  cn  the  No.  2  boiler.  Thee®  upeoimenn  were  expooed  to 
saturated  water  vapor  for  about  24  hours  before  exposure  to  tho  descaling  end 
passivating  treatments.  Tho  piping  up  procodur®  end  deseeding  method  used 
were  in  accordance  with  BUSHIPS  Instruction  9510.29  of  5  February  195  c  oxoept 
that  tho  now  decoding  formulation  CH-5923  vns  employed.  However,  due  to 
operating  difficulties,  particularly  with  leaking  fittings  on  tho  rubber-coated 
nylen  tenia  and  inadvertent  dilution,  the  initial  sold  core  out  rations  were  below 
the  desired  2<#  strengths.  After  seven  hours  of  soaking  in  boiler  No.  1,  peart 
of  the  "operxt"  solution  was  used  to  fill  boilor  No.  2  after  first  injecting  600 
gallons  of  17.931  by  weight  of  fresh  Cfl-5923  descalaat  solution  into  this  boiler. 
During  this  trial,  the  procedure  for  external  dissolution  of  dlethylthiourca  In 
bulk  form  was  also  evaluated.  This  was  successfully  accomplished  by  applying 
steam  to  the  inhibitor  in  a  separate  container  end  adding  the  molten  mass  to  the 
.i*rgc  tank  containing  the  dissolved  descalaat.  Hourly  solvent  samples  ware 
iajaen  from  the  stem  drum  and  port  and  starboard  water  drums  and  descalaat 
concentrations  determined. 

i  Inspection  of  the  boilers  at  the  conclusion  of  the  trial  showed  that  the 
descaling  operation  was  unsuccessful.  Split,  plugged  tubes  (not  exposed  to 
the  descaling  treatment)  from  both  boilers  showed  extremely  heavy  and  tenacious 
deposits.  Seme  of  the  split,  adjacent  unplugged  tubes  (exposed  to  the  treat¬ 
ment)  also  showed  heavy,  tenacious  deposits  that  were  not  removable  by  wire 
brushing.  A  nuniber  of  split  tube  sections  were  shipped  to  the  Laboratory  for 
further  examination.  The  deposits,  before  descaling  varied  in  appearance  and 
thickness,  with  soot  deposits  exceeding  O.CpO"  in  depth.  A  row  B-12  tube  from 
boiler  No.  1,  after  descaling  rad  wire  brushing,  had  a  dark  brawn  glased 
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deposit  ranging  from  0.015"  to  0.025"  thiol;.  This  deposit  aculd  only  be 
romovod  by  cringing  of  the  tube  in  a  vise. 

Several  samples  of  deposit,  removed  from  tho  bailor  tubes  bofor®  and 
after  descaling,  were  analysed  by  wet  chemical  techniques,  by  X-fley  spoctro- 
grophio  methods  and  identified  by  X-Ray  diffraction,  Results  phouod  a  pre¬ 
dominance  of  copper  and  zinc  on  all  samples.  A  good  bit  of  tho  copper  wan 
present  in  metallic  form.  Tho  iren  content  and  tho  other  typical  sludge 
deposits  were  lav. 

Visual  examination  of  the  occrroeicn  specimens,  removed  from  the  steam 
drums,  showed  no  ovldenac  of  corrosion,  pitting  or  copper  plating  and  was 
indicative  of  tho  effectiveness  of  the  DETU  as  an  Inhibitor  end  on  agent  far 
preventing  copper  plating,  In  spite  of  the  high  copper  concentration  in  the 
boiler  deposits.  The  corrosion  data,  supplied  by  Wyandotte,  on  six  boiler 
steels  and  one  bi-metallic  veld  Junction  shoved  low  end  acceptable  metal  loss 
values  in  the  presence  of  the  corrosive  contaminants  present  in  the  boiler 
sludge.  In  addition,  the  corrosion  losses  were  of  the  seme  magnitude  in  either 
boiler,  namely,  vising  the  fresh  CR-5923  desealant  in  No.  1  boiler  or  the  re- 
x  rtlfled  "spent"  acid  solution  in  No.  2  boiler. 

Results  of  this  trial  shoved  that  tho  CR-5923  foanailatlon  was  not 
effective  in  the  removal  of  the  heavy,  hard  and  tenacious  baked -on  sludge 
deposits  present  in  the  USS  VULCAN  boilers .  This  was  also  confirmed  by  labora¬ 
tory  tests  which  showed  that  similarly  scaled  tube  supples,  when  exposed  to  a 
2Qt  by  weight  of  CR-5923  solution  and  maintained  for  seven  hours  at  185  F, 
ware  only  partially  descaled  ( 60JC) .  Treatment  of  similarly  scaled  tube  sections 
from  these  boilers  with  inhibited  109f  hydrochloric  sold  solutions  at  170  F 
completely  removed  the  deposits  within  two  hours .  It  follows  that  this  type 
of  deposit  should  have  been  treated  with  either  hydrochloric  acid  or  a  solid 
desoalant  that  possesses  greater  soale  solubilising  properties  than  sodium 

bisulfate.  This  information  was  reported  by  reforenoe  (l). 
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Additional  descaling  ovnlimtiocn  ucit  ?  endue  leu  on  split,  scaled 
US5  VULCAN  boi.lt!’  tube  sections  using  10/  Jaiiibl  !  od  hydrochloric  ecid  solu¬ 
tions  and  l&f,  CR-5923  solutions  (cancontratim  used  during'  the  l  ollor  de¬ 
scaling  trial).  Since  a  high  silica  conhent  v.au  first  suspected,  l;’  of  aa- 
lrcaiiun  bifluocvtdn  was  added  to  eaiu  uf  the  solutions.  Results  of  t'icoe  evalu¬ 
ations  chewed  that  the  tube  sections  wore  oanpletely  dasoalod  by  the  hydro¬ 
chloric  acid  in  one  helf  to  throo  hours,  whilo  only  70  to  80/  of  the  deposits 
rare  removed  from  similar  tubo  noctions  alter  seven  haur3  of  treatment  with 
the  CR-5923  fomilatian.  Addition  of  anconiura  bifluoride  lied  no  effect  on 
either  of  the  solutions .  .Ill  of  the  HC1  dacvalod  surfaces  showed  considerable 
copper  platinc.  The  CR-5923  and  DEfU -inhibited  ntool  surfaces  also  indicated 
slight  copper  plating.  Since  this  inhibitor  vas  Inom  to  prevent  copper  plating, 
further  study  job  suggested  to  establish  whether  the  oopner  was  a  result  of 
plating  even  in  the  presence  of  DETU  or  was  initially  present  before  the  do- 
scaling  treatment.  This  information  was  reported  by  reference  ( j) . 

Additional  tests  were  conducted  to  establish  whether  DETU  prevents  copper 
plating  and  to  further  compare  the  descaling  ability  of  the  CR-5923  formulation 
v.TmI  that  of  inhibited  hydrochloric  acid  wbaa  applied  to  USS  VULCAN  split  boiler 
tube  sections.  New  stool  spec  leone  were  expceod  to  20/  solutions  of  CR-5923, 
CR-3909-C  and  10/  UC1  solutions,  inhibited  with  Rodino  213  and  also  with  DETU. 
The  specimens  were  immersed  in  100  ml.  of  the  Indicated  solutions,  each  con¬ 
taining  625  ppm  of  anhydrous  cupric  sulfate,  and  treated  under  static  conditions 
for  7  hours.  Results  shored  that  ell  the  DETU -inhibit ad  solutions  completely 
prevented  copper  plating.  Formulation  CR -3909-0,  inhibited  with  RD-2508-P  and 
the  hydrochloric  sold  solutions,  inhibited  with  Rodino  213  indicated  slight 
copper  plating  ait  or  five  minutes  of  exposure  to  those  solutions.  Heavy  copper 
plating  was  noted  after  exposure  far  one  hour.  Split,  scaled  USS  VULCAN  boiler 
tube  scat  ions  were  treated  with  20/  CR-5923  solutions  and  similar  soot  inns  with 
10/  HC1  solutions,  inhibited  with  Rodina  213.  Tho  specimens  were  inmareed  in 
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100  bSL.  of  the  inclicfvtci'  nof.ut.ion::.  and  held  ui.  1  <•’>  y  and  170  .*•'  respectively 
at  static  conditions .  The  iiercentage  o  '  stadia  vtisovo).  ms  cat  *. rioted  etch 
hour.  Resu3.tr.  :ihurrau  that  the  apeeimens  vith  bydrcri.’.  .-in  '-old  rare 

descaled  in  lest;  then  two  hc.trc ,  while  those  e:  posed  to  the  foroajlatlcn 

wore  incompletely  desorJLed  (60  to  removal)  after  seven  hov.’s  of  treatment. 
The  remainder  of  the  deposits  sac  soft  and  -van  readily  I’socr-ed  by  sire 
brushing.  The  HCl-treated  tube  sections  tjoro  copper  plat  of  .  idle  the  OH- 
5923-treated  sections  s/aihited  presence  of  h'."h  copper,  it  va s  presumed  that 
the  copper  was  not  a  result  of  plating  but  author  due  to  the  presence  of  high 
copper  (25  to  50,0  in  the  unraaoved  jiorbioa.';  of  the  deposits. 

The  results  inf  the  above  teats  indicated  that  diothylthiaurea  inhibitor 
completely  prevented  copper  plating  even  in  hydrochloric  acid  solutions.  The 
superiority  of  the  hydrochloric  acid  descaLmt  over  the  CR-5923  formulation 
in  removing  the  hard,  tenacious  deposits  from  USS  VULCAN  split  tube  sections, 
as  reported  hy  references  (j)  end  (1),  was  feu-thar  confimrsd  by  these  tests. 

In  addition,  the  20J&  CR-5923  oolnticn  strength  did  not  notably  improve  scale 
-omoval  over  the  3,bS  solution  used  during  the  lf-53  VULCAN  boiler  descaling  trial. 
This  information  ms  reported  by  inference  (k). 


Since  ccuaiciercble  difficulty  was  exjerlaccpd  in  i-eiDovlng  vcrlcxis  hard 


and  tenacious  boiler  mtorcld*  depooito  from  tube  curfeccs  dim  solutions  of 
sodium  bisulfite  -  citric  sold  fanailatioM  cere  used,  further  laboratory  tent; 
were  ocnAnted  to  ece^icre  the  so  ale  rataovln;  ability  of  the  CK-5923  descalnct 
with  Inhibited  hydroohlorio  sold.  The  deposit  on  an  RA  row  tube  ear  0.009  to 
0.Q13"  thick  tad  was  hard  enough  not  to  be  removable  by  wire  brushing  or  chic « 11;  y 
Quo  tuba  epaolaan  me  axpaeed  to  the  CR-5923  deeotllng  treetamrt  and  held  at 
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-‘-t#  V  for  coven  houvD;  tW).e  emothe*.*  vie  Ire  '.tow  with  a  10/  liy'*ro.j.loric  uolt 
.'ioluci.cn  cud  unl.nta7.iied  at  170  Tr.upcatiia  of  tho  trertci;  sc.inp’J<.n  ro-.celec 
the  follo.vir.g: 

Only  uhcr.t  'Sty!,  c.‘  •ti  n  depcsi.t  v.c.i  rc..o.'cd  Ivy  i’io  >‘oriiiUlc,tlcn. 

Vile  renciiHior  of  -Hie  hard,  bn-vcd-cn.  uluugc  vis  vo»  rersv;  W/.  by  ./lie  brushing. 

There  wee  no  copper  piloting  on  t  ie-  cleaved  :;ux*fucc:t  «:••  on  the  cut  cd..c3 
oi‘  tho  ajooic.cn.  Tide  further  confiruxd  that  l/ii’iJ,  .atrJ.RC.i  In  the  Cll-5923 
i’ors.-.ulatlon,  offered  adequate  protect len  CMctu,"  pint-jug. 

Tito  deposit  ci  o  ciKplctcIy  removed  by  ilia  h/diYjGjiIcrJe  ec  u’  after  30 
ninutr.it  ol'  oapcatxs  ties. 

A  bright,  tr.otal3ic  copper  pleto  \/aa  visible  cn  the  rated,  cusd'nce  end 
gcruioulavly  cn  the  cut  eigen  of  tl  c  apeoiuen.  This  van  clue  to  the  uco  of 
Rcdlr-c  213  inhibitor  In  the  hydrochloric  ccid  solution  which  ciceii  not  possess 
copper  plot in"  inhibiting  characteristics. 

A  qualitative  idcntificaticn.  of  the  loosened  deposit,  obtained  by  crimping 
a  section  of  the  original  scaled  tube,  chewed  it  to  consist  of  iron,  phosphate, 
per,  sine,  niclicl  anti  other  waterside  scclo  conipcnentc.  The  main  constituents 
were  Iran  end  phosphate,  .Indicatin';  a  balxd-cn  sludge.  Tills  was  another  in- 
stcr.cc  of  a  stubborn  waterside  rope:; it  rob  removable  l$r  tbs  011-5923  fcruulaticn 
uillc  easily  solubilised  and/or  removed  by  a  10/  iiydi\;cii].oric  ccid  solution, 
used  as  the  standard  CccciJaviv  ihreugheut  those  evaluations.  It  follows  that  a 
core  effective  solid  dcrcnlcnt  fertulatian  in  needed  to  be  capable  of  soTubllisius 
end/ or  relieving  a  variety  of  butler  waterside  deposits  found  cn  heat  trornfer 
curfnoca.  This  lifoirction  was  roported  liy  x-eferraao  (m). 

Boilorn  Uo.  1  end  2  core  dermalcd  on  24-25  April  1960  by  ship's  fcavio  cud 
dOMRCLAMT  porccnsel  under  the  supervision  of  Laboratory  x'epi-eccntc.tiveo,  Before 
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closing  up  tha  boilors,  cue  R*  -ras  tube  vluc;;c  »  (h>'v  ulcered  and  the 
adjacent  tube  wire  brushed  tnd  plumed  (not  1  c'ico )  c»  *  °J  r  -*1  oll*er 
to  cop  ere  the  condition  of  t'u:  orij.taal  tube-  “~tu  ■  ■■■-  v  *b."u.>..ei 

tube  ibid  that  of  rnothcr  adjacent  tube  that  v?~  exposed  to  the 
solution.  The  proccdui-e  used  ran  in  accordance  .rUh  BUSrllo  ir.siuc'.ias 

_  ^  _ _ _  IV  .  /■>»>  *7  0  '■*  4  a  W-  .'/O^tiCTA  •jfl'Apt* 

jyxvj  •  /l V  v.  v  >  .  CurjtuV  :  /  J  *  ^  v  U'"JV 

that  t’.ro  stainless  steel  tardrs  (noainrl  capacity  -  2c.O!  su -lens')  -".re  viit>?:xd 
in  place  of  the  rubber -c cited  nylon  iva.T..  '*»’-> ?  bof  e  t  sere  t-cutcc 

hydrostatic  oili  prior  to  he  descaling  trial.,  boiler  Mo.  1  d? .eloped  a  leak 
around  the  manhole  covor  a'  the  steam  drum  nhioh  a-ade  it  scarry  to  dump  the 
solution  after  four  hevra  of  soohiny.  snt  alternate  cirouVrw  a  and  boxler  Ko.  2 
developed  en  urccntrollehlo  look  ancuad  too  cover  o'  the  nidvwul  header  shlch 
undo  it  necessary  to  duop  the  solution  after  iwu  hours  anti  40  minutes  of  treat- 
nat.  Both  boilers  reeeived  the  ifl-2  solution  rinse  r  allow*  by  thr  nitrito- 
phosphete  poesivwting  rinse.  Inspect!*  of  the  boilers  end  the  removed  tubes 
revealed  the  following  •. 

Boiler  Ho.  1  appeared  clean  looking  doer  from  the  cteaa  drun  with  a  lot 
of  loceened  debris  on  the  urrs  internals,  'ho  three  previously  identified  screen 
tubes  were  reeved  end  split.  I  loo ce,  fray  residual  V’yoei;  nanained  cm  the 


tube  that  was  oxpooed  -o  tl*  dee calant,  but  this  *as  easily  'ooo'.wd  by  wure 
brushing.  Cues  the  Vib«  ms  brushed,  bare  aetaJ  was  reraOeu.  Cris^ng  of  this 
tvtee  produced  no  further  scale.  The  tube  that  was  plu-Jl*1*  'm<t  ohetucally 
Uewaed)  end  the  tube  thr.t  -ns  rl*r  brushed  «J  FlwC*-*-»  crm-iderrt>^ 

auumts  of  scale,  it  «v-  notwe  that  wire  tm^hing  cmly  jxjUrd»d  the  herd  scale 
but  did  not  rtex-.e  it.  However.  *t  sec  rrxMturded  that  the  ooilcx  be  reohmicallj 
cleamei  since  xiw  looeeocd  depceitr  after  descaling  rer*  r«x>  able  b>-  this  oettood. 

Boilsr  No.  2  when  .  *  sad  fr rm  the  a  tee*  drun  a*5eared  oleem.  Kowver, 
rfMit  three  eplit  taboo,  riailsr  to  those  renmved  frt*  Ho.  1  boiler,  ware  exs*ii»d, 
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Incomplete  a  a  ale  removal  ttcjj  noted.  This  tvuo  to  be  expected  beemee  the  i*. 
uunllne  oolutlan  remained  la  the  boLlor  only  two  hours  tad  40  minute?  LwUK i 
of  tho  opeoified  seven  hours.  It  was  reoonnmidod  that  thin  boiler  be  re. leaned 
at  a  latasr  date  after  the  nsahole  and  handhole  gaslcrts  Mi's  replaced  prior  to 
cleaning  to  avoid  recurrence  of  solvent  leakage. 

It  was  also  reooamendsd  that  the  0 leaned  boilers  be  birr#  1  -lo un  frequently 
to  facilitate  removal  of  any  loose  residual  deposits .  Blnedowa  mas  to  continue 
until  the  boiler  sector  was  clear.  A  report  of  thin  trial,  was  forwarded  by 
roferenoo  (o). 

BoUflUEtt MllM  SsUL 

based  an  the  above  boiler  daitasllng  trial:*  and  Lahore tory  oench-ecale 
evaluations,  it  was  evident  that  the  sodium  bisulfate  -  citric  acid  farvulotlock* 
sere  only  effective  as  so  els  removing  agents  on  sons  types  of  voters  ide  deposits, 
but  ineffective  on  crthorc,  ouch  as  those  present  in  the  U3S  VULCAN,  USS  CAEUJS 
and  USS  MASSEY  and  other  hard,  teenolous  doponlts .  In  addition,  #ienever  hoed 
and  tenaoioun  deposits  sera  being  ro moved,  the  solid  formulations  never  approached 
the  desoaling  characteristics  of  a  1C £  solution  of  inhibited  hydrochloric  acid. 

a  result,  vyendotte  Ghandaals  sin  requested  to  evaluate  other  solid  dseoilmt 
fuiTculatlans  that  would  meat  shipboard  desoaling  noedo  and  at  the  same  tJLw 
possess  better  scale  solubilising  properties  than  the  bloulfata  -  citric  fonul»> 
tions.  Of  the  formuXatiaas  tried  on  USS  VULCAN  mad  other  difficult  to  ream 
deposits,  sulfonic  no  id  in  oianbinaticn  with  citric  sold  mi  the  most  proclaim 
deeoolant  arid  compared  fevorebly  with  the  iw  ale-dissolving  properties  of  a  1<H 
hydrochlorio  sold  solution.  During  these  evaS.uatlcns,  it  sec  also  established 
that  treatment  of  split  USS  VULCAN  tube  opeoitasns  tan  not  u  fair  test  for  the 
evaluation  of  deeoaldng  oharaoterlstloa  of  tho  various  solution?  beeauee  lifting 
of  deposits  at  the  out  edges  was  noted.  For  iret  realistic  o  rod  ltd  cne,  thole 
(3  to  4”  bang),  scaled  boiler  tube  sections  mere  filled  xith  the  indicated 
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solutions  and  oaintoinod  at  apocificd  tacperaturen.  The  tubes  acre  thtc. 
split  and  examined.  Results  showed  that  alt, ho  1^1  the  hydrochloric  acid  treat 
mart  was  slightly  better  than  the  sulfamic  a:  id,  the  lat  ter  t'amilr+.lcn  was 
far  superior  to  the  CR-5923  faraila  as  a  descalarrt. 

Subsequent  Laboratory  descaling  evaluations  cn  coaled  US?  VULCAN  and  other 
mole  tuba  specimens  pro  duo  ad  the  sane  results  as  above,  nut-cly,  tluit  cult'cmric- 
oitric  acid  was  far  superior  to  bisulfate  -  citric,  but  slightly  inferior  to 
hydrochloric  acid.  Althouffr  the  ndneral  mid  rms  crnerally  slightly  Jiuuerior 
to  the  sulfaric  -  citric  mixture,  better  descaling  results  were  obtained  in 
sene  instances  with  the  solid  forailoticn  cn  several  whole,  scaled  tube  sections 
rsnovad  fra  other  bailers.  Another  phase  of  this  evaluation  consisted  of  scale 
solubility  studies,  where  weighed  anoints  of  finely  divided  (200  mesh)  waterside 
scale  b maples  were  exposed  to  various  acid  treatments.  Results  were  fjememlly 
the  seas  as  those  obtained  an  sealed  tub*,  sections  and  in  agreement  with  results 
obtained  by  fymdotte  that  nan*  of  the  solid  dasoalants  evaluated  equalled  the 
boiler  soil#  solubilizing  properties  of  hydrochloric  acid,  however,  the  sulfamic- 
citric  acid  formleticn  was  superior  to  all  other  solid  dace  el  mart  combinations . 
oother  distinct  advantage  of  the  sulfamic  acid  dace  slant  over  the  bisulfate 
formulation  is  that  the  reaction  products  are  nare  water  soluble.  This  was 
particularly  evident  men  c ale ivm-beering  waterside  tsalec  were  exposed  to  the 
various  solutions.  Sodium  M sulfate  treatment  of  these  deposits  showed  poor 
solubilities  due  to  fonmtlon  of  cola  lues  sulfate  reaction  products.  Although 
tbs  sulfenic -c J trio  sold  solution  osused  e  gradual  dwerseee  in  solubility  of  thr 
oalcium<aBtadiiing  ocxgxuedn  with  an  increase  in  solution  ccncmotratiun  mad 
tsqperature  (190  to  1®5  7),  presumably  due  to  partial  hydrolysis  of  the  culfemic 
•old  to  enmcni.ua  bieuifartc,  the  extent  of  scale  solubility  was  considerably  greater 
than  with  the  sodium  bisulfite  solution.  Readiest  to  say,  under  thee#  candit  » 
the  hydrochloric  no  Id  ms  by  far  the  best  sal  rent.  This  Information  wee  report* 
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periodically  by  referenao  (u). 

Althcu#i  some  difficulty  vco  experienced  with  the  DETU-inhibited  sulfaroic 
aoid  formula  in  completely  preventing  the  deposition  of  copper,  a  2055  by 
noight  deeoalent  solution,  consisting  of  17.  $£  nulfanlc  aoid,  1.2£  citric  acid 
and  i.O*  DZTU  (Wyandotte  designation  CR-7064-B)  was  aelectei'  for  use  in  the 
farthcacdnc  boiler  decoaling  trial  aboard  the  USS  TAUSSIG. 

Otn  10-19  May  I960,  boilers  No.  3  and  4  wro  chemically  cleaned  with  the 
2Q5  CR-7064-D  solution  by  USS  TAUSSIG  personnel  under  the  supervision  of 
Wysnrlcrtte  Chemicals  Corporation,  BUSHIPS  and  Laboratory  representatives .  Before 
closing  up  the  boilers,  two  A-rcw  tubes  were  plugged  for  future  comports  an  with 
adjacent  unplugged  tubas  in  order  to  appraise  the  cleaning  efficacy  of  this 
operation.  Boiler  tube  test  speolnoas,  ranging  from  carbon  steel  to  18-0  stain¬ 
less,  were  suspended  In  the  steam  drums  In  carder  to  coqpare  the  results  of 
corrosion  losses  under  actual  service  conditions  with  those  previously  obtained 
during  laboratory  beneh-ocale  tests,  using  the  « esse  descaling  conditions.  In¬ 
stead  of  using  a  large  mixing  tank  equal  or  greeter  than  the  toilers'  capacity, 
a  email  stainless  steel  tank  (80  gallon  capacity)  was  used  to  mix  the  desealant, 
hla  was  accomplished  by  recirculating  the  hort  rater  from  the  preheated  holler 
through  the  mixing  tank  to  which  the  solid  daso slant  were  gradually 

added.  The  continuous  recirculation,  aided  by  a  steam  line  at  the  bottom  of 
the  tank,  dissolved  the  chemicals  and  returned  the  solution  to  the  boiler. 
Sufficient  deeoalnxrt  was  added  to  yield  a  20jf  solution.  It  required  abort  2} 
to  3  hours  to  mix  and  circulate  the  solution  In  each  boiler.  Booking  eontinued 
far  7j  hours  with  intermittent  recirculation,  the  average  temperature  was  at 
179  P.  The  strength  of  the  '’spent"  solutions  in  each  boiler  was  15.9J5.  After 
dumping  the  "spent”  solutions,  the  boilers  received  a  mild  (pH-2)  rinse  mod  a 
passivating  rinse  as  eat  forth  in  BOSHIPS  Instruction  9910.29  of  9  February  1998, 
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exoopt  that  sulfonic  -  oitrlo  won  used  in  preparing  the  pH-2  rinse  solution. 

Examination  of  the  drum  surfaces  revealed  satisfactory  descaling. 

Hcnrcvei',  whan  RA  row  tubes  vnsro  removed  and  split,  It  was  noted  that  eone  scale 
remaiuod  cn  both  straight  and  bent  secticna  on  the  side  toward  t'ne  firo.  An 
adjacent  plugged  tube  that  did  not  reoeivo  the  cberalool  treatment  yros  heavily 
scaled.  It  was  estimated  that  about  S5t  of  the  original  dopos.it  ms  removod. 

Analyses  of  the  original  boiler  waterside  deposits,  conducted  at  the 
Laboratory,  revealed  that  the  major  constituents  wore  iron,  sine,  copper  and 
calcium  compounds.  Analyses  of  "spent"  solution  from  No.  4  boiler  showed  that 
there  were  235  lbs.  of  scale,  expressed  as  R;>Ch;.  Since  the  original  deposit 
only  contained  19. 7-  as  Fe2 pj,  it  was  concluded  that  the  total  amount  of  re¬ 
moved  scale  was  considerably  greater  than  235  lbs. 

Further  Laboratory  descaling  teats  cn  U5S  TAUSSIG  split  RA  row  tube  sections, 
using  various  desealants  showed  that  complete  descaling  was  accomplished  with 
hydrochloric  acid  and  sulfamic  acid  based  formulations.  Only  negligible  amounts 
of  scale  were  removed  by  the  CR-5923  bisulfate  -  oitrlo  formulation.  No  copper 
plating  was  noted  on  the  specimens  that  were  expos od  to  hydrochloric  acid,  in¬ 
hibited  with  DETU.  Slight  copper  plating  was  noted  on  the  samples  treated  with 
DETU -inhibited  sulfamic  acid  and  heavy  copper  plating  where  no  DETU  was  used. 
Similar  descaling  tests  were  conducted  on  USS  YELLOWSTONE  (AD-27)  split  tube 
specimens  where  the  scale  thickness  ranged  from  0.022  to  0.042" .  On  these 
samples,  only  the  hydrochloric  acid  completely  removed  the  scale  and  rvtnm  of 
the  solid  formulations  tbto  *f festive  as  descalmts.  However,  the  CR-7064-B 
formulation  was  considerably  superior  to  the  OP.-5923  desealant.  Unfortunately, 
the  lack  of  scale  thickness  uniformity  trade  this  evaluation  rather  difficult. 

The  hollar  tube  specimens  that  were  suspended  in  the  steam  drum  during  the 
descaling  operation  on  the  USS  TAUSSIG  were  removed  end  the  metal  corrosion 
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rates  determined  at  the  Laboratory.  Results  oh  owed  that  low  end  acceptable 
corrosion  values  were  obtained  on  low  aart-ca,  radium  carbon,  carbon-moly, 

Crolcy  l£  end  Crolcy  zb  steels.  Negligible  corrosion  valuoo  ve-ti  obtained 
on  18-3  stainless  steel.  No  copper  plating  was  found  on  any  of  the  specimens. 
Thoso  data,  were  in  fair  agreement  with  bench  scale  laboratory  corrosion  tests 
and  with  those  obtained  by  tityandotte  Chemicals  Corporation .  Although  hydro¬ 
chloric  acid  is  still  eomowhat  the  better  decoal  ant,  it  cannot  be  used  to 
clean  superheaters  an  high  pressure  boilers.  The  present  formulation  CR-7064-B 
can  be  used  with  safety  on  13-8  desuperheaters  should  cleaning  of  these  systems 
become  necessary.  This  information  was  reported  by  reference  (p) . 

Effects  of  Vaylms  TypHwfo  ^  ACfaffid&gtjjBg  ft1*™  gjfrfflrinff 

Since  a  proprietary  descalazxt,  containing  sulfamic  acid,  end  a  proprietary 
neutralizing  compound  ware  previously  used  by  USS  TAUSSIG  personnel  to  clean 
bailers  No.  1  end  2  and  other  ships  would  be  liiely  to  employ  the  sarnie  chemicals, 
it  was  desired  to  stuty  the  merits  of  tills  neutralizing  compound  when  compared 
to  the  passivating  treatment  CR-2875-B  that  was  used  during  the  above  boiler 
*««caling  trials.  Examination  of  the  proprietary  neutralizer  revealed  that  it 
consisted  of  sodium  carbonate,  Known  to  produce  considerable  after-rusting  on 
acid  treated  metal  surf  aces .  The  Laboratory,  therefore,  conducted  e  number  of 
tests  to  determine  the  effects  of  the  various  rinsing  end  passivating  treat¬ 
ments  on  after-rusting  resulting  from  chemical  cleaning. 

Six  inch  long,  seeled  A-roe  USS  UASSET  bailer  tubes  were  used  in  the 
laboratory  Investigation.  Each  tube  was  treated  as  a  "boiler"  in  a  meaner 
similar  to  a  full  scale  boiler  descaling  trial.  The  tubes  were  filled  with  the 
indicated  descaling,  rinsing  and  passivating  solutions  through  the  bottom  and 
displaced  with  nitrogen  gas  from  the  top.  billing  and  draining  time  was  also 
controlled  to  simulate  an  actual  boiler  operation.  Results  were  as  follows: 
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Ccnsifiarablo  aftar-rurtinc  took  place  Than  cither  sodium  carbonate 
or  the  proprietory  neutralizer  acre  employed  after  the  descaling  step  re¬ 
gardless  of  the  sold  used. 

No  after-rusting  resulted  when  the  tubes  wore  treated  with  DETU- 
inhibited  sulfamic  acid  (both  5.536  and  2056  by  weight),  followed  by  a  mild 
acid  rinse  (pH -2)  end  by  passivating  with  the  nitrite-phosphate  foTireiXetion 
CR-3875-8. 

After-rusting  also  took  place  when  the  proprietary  aulfanic  acid 
fonwlaticn  was  used  even  when  the  tube  was  exposed  to  a  mild  acid  rinse  and 
followed  by  a  nitrite -phosphate  passivation  in  lieu  of  proprietary  neutraliser. 
Since  the  waterside  deposits  an  the  USS  MASSEY  tubes  rone  high  in  copper  and 
the  proprietary  descalant  did  not  contain  an  Inhibitor  that  would  prevent  copper 
plating,  the  copper  deposited  cn  the  metal  surface  end  rejected  passivation. 

This  phenomenon  did  not  occur  ^ien  MTU  -inhibited  sulfamic  was  used. 

Based  on  these  results,  the  Laboratory  recommended  that  sodium  carbonate 

or  the  proprietary  neutralizer  not  be  used  far  neutralizing  purposes  following 

chenrioal  cleaning  of  boilers.  Furthermore,  since  the  proprietary  sulfamic  acid 

descalant  did  not  prevent  copper  plating  and  also  caused  after-rusting  due  to 

incomplete  passivation,  it  was  not  reconmendad  for  use  as  a  descalant.  A  report 

on  boiler  metal  after-rusting  was  forwarded  by  reference  (q) . 

Extent  of  Hydrogen  Evolution  Ruing  CbemjcaUeacaling  of  Bollera  vlA 
Inhibited  Sulfamic  Acid 

During  chemical  cleaning  of  boiler  watersides  with  Inhibited  sulfamic  acid, 
CHDDESPAC  employs  a  small  stainless  steel  tank  (similar  to  that  used  on  the 
USS  TAUSSIG  descaling  trial)  Car  continuously  dissolving  and  mixing  the  solid 
descalant  formulation.  During  this  operation,  this  tank  (30  gallon  capacity) 
has  been  located  dookslde .  In  order  to  simplify  and  reduce  the  piping  hook-up 
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to  a  ainlnim,  CRUUESPAC  was  considering  relocating  the  mixing  tank  in  the 
firorooo  near  the  boilers  being  cleaned,  .‘ilnce  it  Is  known  that  some 
hydrogen  evolution  takes  place  with  inhibited  hydrochloric  acid,  the  Labora¬ 
tory  was  requested  to  obtain  information  on  the  extant  of  hydrogen  evolution 
around  the  small  tank  an  inhibited  sulfesdc  acid  solution  is  used.  Based 
on  the  relatively  low  mortal  lose  in  Inhibited  sulfamic  acid  solutions,  very 
little  gas  evolution  would  oe  expected.  However,  before  permitting  the  adzing 
tank  to  be  located  in  the  flrerocm.  Laboratory  tost3  should  be  conducted. 

Bench-seals  evaluations  as  wall  as  a  full  scale  boiler  test  were  conducted 
at  the  Laboratory.  The  bench-scale  tests  were  made  on  scaled  6"  lengths  of  2" 
boiler  tubes.  These  tubes  were  partially  filled  with  the  descaling  solutions 
and  the  vents  closed  to  prevent  escape  of  hydrogen.  The  full  scale  evaluation 
was  conducted  in  conjunction  with  the  cleaning  of  the  superheater  on  the  CVA-63 
teat  boiler.  The  desealants  used  in  the  bench -oc ale  tests  were  lQt  solutions 
of  inhibited  hydrochloric  acid,  DEOT -inhibited  sulfamic  acid  and  DETU -inhibited 
bisulfate  formulations.  The  descalant  used  during  the  full  scale  boiler  test 
was  a  ICjt  solution  by  weight  of  the  CR-7064'S  formulation.  The  small  stainless 
steel  miring  tank,  similar  to  that  used  at  CBUDESP1C,  was  employed  during  this 
operation.  A  cone-shaped  Ud  with  a  petcock  on  top  was  fabricated  and  ottaohod 
to  the  tank  to  entrap  and  musure  the  hydrogen  gas  evolved.  .1  nine  Safety 
Appliance  Hydrogen  Explos  looter  was  used  to  determine  the  percentage  explosivity . 

Results  on  the  scaled  boiler  tube  sections,  when  the  vents  were  opened, 
showed  presence  of  explosive  hydrogen  in  both  the  hydrochloric  acid  and  solid 
descalant  filled  tubes.  Results  an  the  full  scale  test  also  showed  presence 
of  explosive  hydrogen  gas  cm  top  of  the  mixing  tank  Whenever  the  solution  was 
recirculated  through  the  superheater  and  the  tank.  Since  the  CVA-63  superheater 
Is  composed  of  chrcoe-cely  and  stainless  steel,  very  little  corrosion  due  to  the 
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inhibited  aulfenlo  acid  takes  plcco  and  hcnice,  very  little  hydrogen  evolution. 
During  the  chemical  cleaning  of  the  saturated  cido  of  o  boiler,  consisting  of 
carbon  steel,  considerably  greater  quantities  of  hydrogen  gas  vri.ll  be  evolved 
during  recirculation  of  the  inhibited  aulfcjuiic  acid  solution.  This  JLs  based 
<3i  laboratory  results  rhere,  although  l<x?  end  ecaepteblc  corro  -'on  values  are 
obtained  on  carbon  steel,  practically  negligible  corrosion  values  are  obtained 
on  stainless  steel. 

In  view  of  the  explosive  mixtures  of  hydrogen  gas  found  around  the  miring 
tank  during  desealant  recirculation,  the  Laboratory  recommended  that  CRUDESPAC 
be  instructed  not  to  locate  the  miring  tank  in  the  firerooa  during  chemical 
descaling  of  boiler  watersides.  It  was  also  emphasised  that  tho  command 
strictly  adhere  to  the  safety  precautions  set  forth  in  BUSHIfS  Instruction  9510.29 
of  5  February  1958.  A  report  of  this  Investigation  mas  forwarded  by  reference  (r). 
Inter-Lahoratarv  Analytical  Studien 

Based  cn  the  results  of  the  boiler  descaling  trial  aboard  the  USS  TAUSSIG, 
Wyandotte's  progress  reports  and  the  laboratory's  reports  (references  (p),  (q.) 

(u)),  it  was  evident  that  same  problems,  ouch  as,  complete  inhibition 
against  copper  plating,  reuse  af  "spent"  solutions,  use  of  loser  sold  concentra¬ 
tions  and  aortal  passivation  after  hydrostatic  tests,  have  yet  to  be  resolved. 
However,  although  additional  work  toward  improving  the  desealant  formulation 
CR-7064-B  would  continue,  the  Bureau  indicated  that  it  was  satisfied  with  its 
performance  and  wished  to  place  the  f armlet icn  into  the  Navy  stock  system. 
Wyandotte  was  therefore  requested  to  prepare  an  interim  specification  for  the 
existing  sulfamic  -  citric  -  EBTU  formulatlcn.  This  specification  should 
contain  suitable  analytical  methods  for  the  determination  of  sulfuaie  acid, 
citric  acid  and  diethylthiourean  In  the  presence  of  each  other  because  it  is 
desired  that  the  finalized  compound  be  stocked  as  a  cne-paokage  formulation. 
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In  caunectian  with  the  writing  of  the  specification,  Wyandotte  was  to  consider 
the  storage  problem  of  the  compound  under  chipboard  conditions,  end  if  necessary, 
include  an  anti-caking  agent.  If  the  latter  io  used,  en  analytical  method  for 
its  determination  should  also  be  included  in  the  specification. 

On  10  March  1961,  BUS1IIPS  and  Laboratory  representatives  visited  Wyandotte 
Chemicals  Corporation  to  review  the  progress  made  on  the  study  of  storage 
characteristics  of  the  combinations  of  various  grades  of  sulfamic  told,  citric 
acid,  when  stared  in  contact  with  and  without  DETU,  under  various  conditions  and 
to  discuss  details  pertaining  to  the  proposed  interim  specification  far  the  Navy 
Boiler  Scale  Removing  Compound.  Wyandotte  presented  a  summary  on  the  storage 
characteristics  of  23  mixtures.  The  data  listed  the  various  c elements  of  each 
mixture  and  included  storage  properties  as  to  degree  of  caking,  flow,  dustiness 
and  chemical  reaction  phenomena,  such  as  discoloration  and  resultant  odor.  A 
laboratory  demonstration  of  the  storage  properties  of  these  mixtures  after  pro¬ 
longed  storage  time  was  witnessed  so  that  the  optimum  free-flowing  end  dust-free 
one -package  formulation  could  be  selected.  Fanailatlcn  3.17.1,  consisting  of 
89.055  of  crystalline  sulfamic  acid,  6.0%  of  anhydrous  citric  acid  and  5.0%  of 
lemmcne  E  Inhibitor  was  selected  os  the  bast  formulation  based  on  its  storage 
characteristics .  The  Inhibitor  contained  96.6(5  of  crystalline  diethylthlourea 
and  3.4%  of  microfine  silica,  used  as  an  anti-caking  agent.  Based  on  the  5% 
Penumone  E  inhibitor  concentration,  the  silica  contribution  was  0.175  and  that 
of  diethylthlourea  4.83%.  Since  the  crystalline  sulfamic  acid  contributed  an 
additional  0.06(5  of  microfine  silica  (added  by  the  manufacturer),  the  total 
silica  content  in  the  3.17.1  formulation  was  0.23%.  Although  formulation  3.24.1, 
consisting  of  88.7%  of  crystalline  sulfamic  acid,  6.0%  of  anhydrous  citric  sold, 
5.0%  of  DETU  and  0.3%  Quso  F-20  (microfine  silica),  exhibited  slightly  better 
flowing  characteristics  than  the  3.17.1  mixture,  it  was  not  considered  acceptable 
because  its  total  silica  content  was  higher  (0.36%)  and  produced  considerable 
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dilating  that  woo  irritating  to  tho  eyes  and  nose  duo  to  carryover  of  tine 
particles  of  the  sulfamic  acid.  Sinoe  Ponnuonr:  E  is  a  propi*iertary  inhibitor, 
it  was  ogreod  to  specify  on  inhibitor  mixture  ocnalating  of  about  4.855C 
crystalline  BETU  and  0.155f  of  miorof ino  silica  there  tho  combination  would  be 
blended  with  tho  acid  constituents  in  cne  package.  The  interim  specification 
details  ware  also  discussed  and  maximum  and  minimum  limits  of  each  constituent 
were  resolved. 

Upon  receipt  of  the  Wyandotte -proposed  interim  specification  of  7  March 
1961  for  the  procurement  of  the  "Boiler  Scale  Removing  Compound",  the  Laboratory 
was  requested  by  BUSHIPS  to  participate  in  the  inter-laboratory  evaluation  of 
the  analytical  procedures  contained  in  the  specification.  This  included  analyses 
on  a  referee  sample  CR -10572,  submitted  by  Wyendortta,  far  sulfamic  acid,  citric 
acid,  diethylthlourea  and  silica.  It  was  also  requested  that  these  analyses  be 
conducted  by  two  analysts  on  two  separate  days  completing  four  determinations 
each  day,  totaling  a  minimum  of  sixteen  determinations  for  each  constituent  in  the 
referee  desealant  sample.  Results,  including  c aments  and  suggestions,  were  to  be 
submitted  to  \fyandotte.  The  information  was  to  be  used  far  &  statistical  study 
W  determine  tho  validity  of  tho  proposed  analytical  methods  contained  in  the 
specification.  Tho  analytical  methods  called  for  tho  determination  of  sulfamic 
acid  by  pctentiooetric  titration  with  a  standard  sodium  nitrite  solution;  for 
the  determination  of  DETU  by  ultra-violet  absorption;  for  citric  acid  by  difference 
after  subtracting  the  sulfamic  acid  acidity,  the  amacnium  bisulfato  acidity  and 
the  interference  due  to  DETU  from  the  total  acidity  that  is  obtained  by  titration 
with  a  standard  sodium  hydroxide  solution.  The  determination  for  silica  was  the 
standard  laboratory  procedure.  Although  the  Laboratory  followed  the  details  of 
the  proposed  procedure,  it  was  found  necessary  to  make  certain  changes  in  the 
potentiometric  titration  for  sulfemate  ion  and  in  the  calculations  for  oitrio 
sold  by  difference  to  obtain  meaningful  results.  The  procedure  for  arriving 
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at  the  end  point  with  reasonable  accuracy  in  the  pocantiarno+rl  a  titration 
for  sulfonate  Ion  was  simplified  so  that  the  titration  could  be  completed 
within  20  minutes  Instead  of  several  hours .  This  prooeduro  was  verified  by 
running  a  number  of  samples  containing  inewn  amounts  of  ouIfonrLo  acid  vlth 
end  without  DETU.  In  the  proposed  method  for  the  determination  of  the  citric 
acid  content,  the  latter  is  obtained  from  the  total  acidity  titration  with  a 
standard  sodium  hydrccd.de  solution  after  correction  for  acidity  due  to  sulfamic 
acid,  ermonlum  bisulfate  (a  product  of  hydrolysis  of  3Ulfand.c  acid)  and  the 
interference  due  to  DETU.  When  the  proposed  equation  is  applied,  the  calculated 
citric  acid  value  is  low  and  incorrect.  This  is  due  to  the  fact  that  there  is 
no  interference  from  the  DETU  In  the  acid-base  titration  for  total  acidity.  A 
number  of  synthetic  samples  with  and  without  DETU  were  prepared  and  analysed  to 
establish  the  absence  of  DETU  interference  in  the  total  acidity  titration.  It 
was  therefore  that  the  proposed  correction  far  DETU  interference 

be  delated  from  the  procedure  and  the  equation  for  calculating  the  citric  acid 
content  modified. 

Other  consents  included  concurrence  with  Wyandotte  that  DETU  interferes 
with  the  sodium  nitrite  patentioaatric  titration  for  sulfamic  acid,  requiring 
an  empirical  correction  factor  for  the  inhibitor.  It  was  also  agreed  that  no 
Mprw^Ti"  bisulfate  acidity  was  detected  during  those  analyses,  requiring  no 
correction  in  the  citric  acid  calculation.  However,  It  was  suggested  that  the 
proposed  correction  remain  in  the  equation  should  hydrolysis  of  sulfamic  acid 
occur. 

The  results  of  the  inter-laboratory  evaluation  of  the  analytical  methods, 
jT«?iiii»T>g  pertlnnt  a  cements  and  suggestions  were  forwarded  by  reference  (s). 

A  project  conference  was  held  at  BUSHIPS  on  14  September  1961  to  review 
the  results  of  the  inter-lbboratory  evaluation  of  the  analytical  procedures 
c attained  in  the  proposed  interim  specification  for  the  "Boiler  Seale  Raooving 

Compound" .  At  that  time,  Wyandotte  reported  that  the  results  obtained  by  the 
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Laboratory  and  reported  by  reforenoe  (a)  wore  In  alas*  agreonont  with  the 
actual  values  of  the  prepared  referee  sample.  In  general,  Wyandotte  cancurrod 
with  tie  Lebaretary'o  suggestions  ond  the  proposed  modifications  of  the  spec if lec¬ 
tion  as  contained  In  reference  (a).  Since  tlie  prosooce  of  diothylthieurea 
inhibitor  in  the  formulation  offered  interference  during  the  poteationwtric 
titration  for  sulfamic  acid  and  required  ecu  cmplrloal  correction  in  the 
calculation,  extraction  cuad  removal  of  the  inhibitor  from  the  aliquot  portion 
being  analyzed  for  sulfamic  acid  would  eliminate  ■lihe  coed  for  an  empiric  cl  factor 
correction  further  simplify  the  titration  method .  IJyandotte  reported  that 
methylene  chloride  (diehlnromsthane)  proved  to  bo  an  effective  extractant  for 
the  ECITJ,  thereby  eliminating  the  need  far  the  correction  and  thus  reducing 
the  potcntlaeetrlc  titration  for  sulfamate  ion  to  stoichiometric  relations.  It 
vbs  therefore  decided  to  conduct  a  second  inter-laboratory  evaluation  of  the 
analytical  In  the  Interim  specification.  A  carefully  blended  new  re¬ 

feree  simple  CR-10594,  conforming  to  the  farailnticn  3.17.1,  wo  given  to  the 
Laboratory  representative  to  conduct  the  additional  work.  Results  of  these 
analytical  studies  were  to  bo  submitted  to  Ityaadotte  Ahead oalo  Corporation  for 
statistical  study  and  cocgmrlscn  with  the  dote  cbtelned  during  the  first  inter- 
labaratcry  evaluation.  Since  the  cltrlo  acid  content  is  not  analyzed,  but  taken 
by  difference  after  subtracting  the  sulfamate  and  amnmtua  Msulf ate  acidity 
from  the  total  acidity,  thus  causing  all  of  the  cumulative  experimental  errors 
to  appear  In  the  citric  acid  results,  it  was  also  decided  that  the  specification 
limit  far  citric  acid  be  modified  as  dictated  by  the  results  from  the  forthcoming 
Inter-laboratory  method  evaluation.  It  wee  also  agreed  that  a  requirement  for 
a  direct  quantitative  procedure  or  at  least  a  qualitative  test  for  citric  acid 
would  be  desirable  for  Inclusion  in  the  modified  specification. 
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After  loccipt  or  the  proposed  iiodiflo;!  Interim  speclrltmllua  of  4  October 
.1%1,  containing  tin?  revised  analytical  procedures  boned  on  1’:e  rc/.ultc  of  the 
inter-laboratoiy  evaluations,  the  Laboratory  renentod  the  anal-;  :al  wxrk  re¬ 
ported  by  reference  (r.)  on  the  now  referee  descalrnfc  cwcplo  Cti-10594 .  The 
results  or  tlie  second  intor-leboratory  method  evaluation  wor*®  iorvarded  to 
tfyeadetto  with  the  following  ocxmenrta: 

Extraction  of  the  DETU  'jri.th  iwthyleno  chloride  huu  nlroplii  led  and  de  ¬ 
finitely  improved  the  method  for  the  potent lomotrio  titration  for  sulfamic  acid. 
However,  alight,  interference  from  DETU  waa  noted,  yresunr.bly  due  to  the  incomplete 
extreat ion  of  the  inhibitor.  This  was  later  confirm'd  by  additional  tests  Tixerc 
samples  of  sulfamic  acid  with  and  without  DKTU  -«re  analysed  by  thin  procedure. 

Methylene  chloride  doos  not  Interfere  with  the  sodium  nitrite  titration. 

The  titration  for  total  acidity  proceeded  with  ease.  Ho  correction 
for  asmoolum  blsulfate  was  necessary. 

Although  visual  observation  of  the  sample  indicated  sods  segregation  of 
the  DETU,  the  results  for  DETU  content,  obtained  by  two  analysts,  wore  fairly 
reproducible . 

Strict  adherence  to  the  cleaning  procedure  of  the  silica  optical  cells 
is  necessary  to  obtain  meaningful  spectrophotaaetrlc  readings  for  DETU  content. 

The  analytical  p  oaedures  contained  in  the  codified  specification  have 
been  simplified  end  improved  considerably  and  should  present  no  difficulty  to 
analysts  of  other  Navy  and  commercial  laboratories  who  may  be  required  to  con¬ 
duct  these  tests. 

This  inf armaticn  was  reported  by  reference  (t) .  Other  details  of  the  results 
obtained  during  the  intor-leboratcory  evaluations  of  tho  analytical  procedures, 
end  including  Wyandotte's  concurrence  with  the  Laboratory ' s  consents  and  proposed 
changes  to  the  revised  specification,  were  reposted  periodically  by  reference  (u) . 
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Since  the  oitrlo  acid  content  in  bh«.»  .1.17  ,J  dr.'icvont  fr.aiaalirtlan  it* 
obtained  by  difference,  with  no  confirmatory  x.r;t  for  thlo  reagent,  it  tcj 
desirable  to  find  a  suitable  procedure  fov  the  dlreot  determination  of  the 
oitrlo  acid  o cotent .  A  method  for  citric  acid,  adapted  from  AO AC,  Official 
Methods  of  Analysis,  9th  Edition  (I960),  there  the  acid  is  converted  to 
pontabraooacetane,  was  suggested  by  Yfyandotta .  Since  theix*  preliminary  results 
looked  promising,  it  was  desirable  that  the  Laboratory  also  participate  in  this 
evaluation.  Should  this  procedure  ptrovo  valid.  It  vould  be  incorporated  into 
the  new  specification. 

Results  of  preliminary  Laboratory  tests  sbosed  that  extremely  high  owl 
erratic  results  for  citric  acid  content  were  obtained  using  the  pentebromoacetoo » 
precipitation  method  an  the  referee  sample  CR-1059',.  It  appeared  that  either 
the  citric  sold  segregated  in  the  formulation  or  chemical  changes  took  place 
on  storage.  Further  tests  c  coduo  ted  by  tro  analysts  on  freshly  prepared  synthetic 
samples  end  on  the  referee  samples  CR -1Q572  and  CR-10594,  using  the  pantabroro- 
aoetene  precipitation  method,  Atoned  that  slightly  loo  values,  although  accepta¬ 
ble,  were  obtained  an  the  synthetic  samples .  Slightly  lower  values  were  obtained 
•  -  the  referee  sample  CR-10594  end  very  low  and  unacceptable  oitrlo  acid  values 
were  obtained  on  the  CR-10572  referee  sample.  Ho  explanation  could  be  offered 
for  the  high  results  obtained  pervious ly  and  the  low  results  obtained  this  time 
\on  the  CR-10594  referee  sample.  Although  the  settles  were  properly  quartered, 

It  appeared  that  cither  the  oitrlo  acid  was  segregated  or  domical  changes  took 
place  upon  storage.  It  was  also  of  Interest  to  note  that,  from  telephone 
communications  with  Wyandotte,  variations  In  the  citric  acid  content  were  also 
noted  by  their  analysts  oven  to  a  greater  extent  than  those  obtained  at  the 
Laboratory.  The  Laboratory  therefore  recommended  that  more  work  should  be  done 
to  solve  the  citric  sold  analytical  problem.  This  Information  wes  reported 
periodically  by  reference  (u) . 
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No  further  work  was  conducted  at  tht  Laboratory  cm  tho  improvement  of  t  c 
analytical  procedure  focr  the  determination  of  ths>  a itrio  acid  content  in  tue 
"Boiler  Scale  Removing  Compound"  because  thic  problem  vub  rofer'-Md  to  the* 

Mare  Island  Naval  Shipyard  Chemical  Laboratory.  In  addition,  since  the 
Laboratory  indicated  degradation,  of  the  constituents  in  the  3.17.1  formulation, 
Mare  Island  was  requested  to  expoce  tho  synthetically  prepared  desoalant  nurtures 
to  prolonged  storage  at  room  temperature  2nd  at  122  P.  Analyses  of  these  r.or.ryJc  r» 
would  help  to  further  explain  the  erratic  results  obtained  for  citric  acid  on4 
any  other  phenomena  apparently  due  to  dec  apposition  of  came  of  the  constituents 
present  in  thin  compound. 

Other  Related  Work 

The  following  other  investigations  end  operations,  related  to  chemical 
cleaning  of  shipboard  boilers,  were  conducted  during  this  period: 

The  Bureau  of  Ships  Technical  Manual,  Chapter  $1  procedure  for  boiling 
out  of  shipboard  boilers,  when  oil  is  present,  was  tried  an  a  Laboratory  boiler. 
The  procedure  far  oil  removal  consists  of  adding  the  required  amounts  of  tri- 
^ odium  phosphate  (TSP)  and  vetting  agent  directly  to  the  ste  am  drum,  filling 
the  boiler  with  fresh  water  and  applying  steam  to  maintain  a  mini  nun  pressure 
of  50  psi  for  at  least  six  hours.  This  was  done  at  the  Laboratory  to  furnish 
information  as  to  the  rate  of  TSP  dissolution,  the  rate  of  distribution  of  the 
dissolved  TSP  in  the  various  boiler  oireuits,  time  required  to  attain  equal 
concentration  levels  and  general  cleaning  efficiency.  Results  of  this  trial 
showed  that  the  dry  TSP  dissolved  readily  end  was  fairly  veil  distributed  through¬ 
out  the  boiler  cirouits.  Successful  removal  of  preservative  from  the  boiler 
watersides  res  also  accomplished.  It  was  therefore  reconnx* ruled  that  the  ship-, 
board  boiling  out  procedure  for  the  remow  1  of  oil,  as  described  in  Bureeu  of 
Ships  Manual,  Chapter  51,  be  einplcyed.  This  Information  was  reported  by  reference 
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Chemical  Cleaning  of  Oil  Contamlnatod  Boiler  Wotorclde  Surfaces 

During  the  Laboratory's  Investigation  of  "Tolerance  of  Conlbatont  Boilers 
to  Oil  Contaminated  Feedwater" ,  NBTL  Project  1W,36,  it  woo  found  that  the 
Fletcher  class  boiler  waterside  surfaces  were  coated  with  a  hard,  glocsy, 
black  asphaltic  material  when  15ppm  of  Navy  gv:.de  special  fuel  oil  was  fed 
into  the  boiler  feedwater  for  about  100  hours  of  continuous  operation.  The 
Laboratory  was  requested  to  conduct  cleaning  evaluations  on  "bed;cd-cn"  oil 
deposits  found  in  screen  row  tube  sections.  The  cleaning  agents  tried  were: 
chlorinated  hydrocarbons,  trisodium  phosphate,  sodium  metasilicate,  steam 
cleaning  compound  (Federal  Specification  P-S-751),  Navy  stock  degreaser 
(Specification  ML-C-20207C)  and  commercially  available  household  cleaners. 
Treatments  were  conducted  at  212  F  and  at  30  psi  in  an  autoclave,  except  that 
the  hydrocarbons  were  used  at  room  temperature.  Results  of  these  evaluations 
showed  that  the  inorganic  boiling  out  chemicals  and  the  steam  cleaning  compound 
were  completely  ineffective  In  removing  the  "baked -on"  oil  deposits.  The  Navy- 
stock  degreaser  was  only  effective  as  a  cleaner  when  used  at  a  333*  concentration 
by  volume.  Out  of  the  commercial  cleaners  evaluated,  only  "Lest oil"  proved  to 
'  effective  when  used  nt  a  2%  concentration  by  volume  of  water.  Needless  to 
say,  the  chlorinated  hydrocarbons  removed  the  "oily"  deposits  in  less  then  15 
minutes  at  room  tesgmrature. 

Since  the  chlorinated  hydrocarbons  would  present  e  potential  hazard  to 
operating  personnel  due  to  toxicity  and  since  full  strength  must  be  used  at  a 
cooperatively  high  coot,  this  cleaning  agent  was  not  recommended  far  cleaning 
the  Fletcher  boiler.  Also,  "Last oil"  was  ouch  more  costly  than  the  Navy  stock 
degreaser.  Since  both  products  were  equally  effective  in  removing  the  "baked -on" 
oil  deposits  from  the  t-ube  surfaces  and  since  both  cleaners  have  shown  to  have 
approximately  the  same  flash,  flro  and  exploeivlty  characteristics,  the  Navy 
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stock  decrees er  was  reccxmnended  for  tho  removal  of  tho  aspholtic  material  from 
tlie  watersides  of  the  Fletahor  boilor.  It  was  also  recommended  that  a  thorough 
rinsing  of  the  boiler  should  innediatoly  follow  the  draining  of  tho  cleaning 
aolutian  to  avoid  gelling  of  the  Gleaner,  Safety  precautions  normally  used  in 
handling  volatile  solvents  were  to  bo  exercised.  Tho  details  of  these  o valua¬ 
tions  were  reported  by  reference  (n) .  The  Fletcher  boiler  was  later  cleaned 
with  the  Navy  stock  dagreaser  to  remove  the  asphaltic  material  from  its  waterside 
surfaces .  This  information  was  reported  by  rof orexne(u) . 

of  US S  CXIJSTELLAIION  (CVA-64)  Boilers 

The  Laboratory  furnished  technical  assistance  to  New  York  Naval  Shipyard 
in  the  chemical  cleaning  of  the  ship's  boilers  and  superheaters.  Since  the 
superheater  stainless  steel  sect  lens  were  to  bo  acid  cleaned,  it  was  recommended 
that  a  1QQC  solution  of  DETU -inhib it ed  sulfamic-citric  acid  formulation  be  em¬ 
ployed  on  the  generating  sides,  economisers  end  superheaters  because  the  systems 
were  to  be  cleaned  as  one  unit.  For  oaxiaua  boiler  protection,  particularly  to 
Crolcy  steels  and  the  prevention  of  copper  platting,  the  inhibitor  concentration 
was  increased  to  l.OJl  in  the  1G$  desealant  formulation.  k  detailed  procedure, 
ploying  the  proposed  1056  acid  treatment,  the  mild  sold  (pH— 2)  rinse  end  the 
nitrlte-phoephate  passivating  rinse,  was  prepared  and  presented  to  private  con¬ 
tractors  who  would  bid  on  the  cleaning  job.  Based  on  Laboratory  test  results 
using  inhibited  sulfamic  told,  no  bottom  blow  disc  corrosion  was  observed  end 
therefore  it  was  recommended  that  the  ship's  bottom  blow  system  should  not  be 
removed  during  the  descaling  operation. 

The  operation  was  performed  by  a  private  contractor  under  the  supervision 
of  Laboratory  representatives.  The  operation  was  accomplished  in  two  forty-hour 
periods,  with  four  boilers  cleaned  during  each  period.  Inapooticn  of  the  boilers 
after  c loaning  revealed  the  following: 
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The  watersides  end  ntoenoldos  of  all  boilers  were  connidared  to  be 
generally  ole an  and  well  passivated. 

Large  quantities  of  loosened  deposits,  particularly  in  the  drums  and 
headers,  wore  noted  in  all  boilers. 

After-rusting  was  noted  on  eomo  boilers,  principally  near  the  top  of 
the  steam  drums . 

Some  of  the  vertical  superheater  circuits  were  apparently  never  filled 
with  the  cleaning  solutions  as  evidenced  by  the  condition  of  adjacent  tubes 
where  one  tube  was  clem  and  well  passivated,  while  a  considerable  amount  of 
rust  (presumed  to  be  the  original  deposit)  was  present  on  the  other  tube. 

The  bottom  blow  valve  discs  and  seats  showed  no  adverse  effects  frcn 
exposure  to  alternate  soaking  and  reoiroulatioa  of  the  acid  desoolant. 

-  No  pitting  or  other  signs  of  corrosive  attack  were  noted  on  handhole 
and  manhole  plates  examined  at  random. 

Fran  the  unusually  large  amounts  of  loose  scale,  it  was  concluded  that 
the  boilers  were  heavily  sealed  and  In  need  of  chemical  cleaning. 

Based  an  Laboratory  recommendations,  the  boilers  were  mechanically  cleaned 
md  all  loosened  deposits  removed.  Frequent  blowdown  wav  also  roooansnded 
during  the  first  few  days  of  steaming  to  purge  the  boiler  water  of  any  loose 
deposits  normally  present  after  chemical  cleaning.  This  Information  was  reported 
periodically  by  reference  (u) . 

CttTQgl«  MuaAgLfifc  Ems&ntaxJAlsxL 

Since  desuperheaters  on  new  constructions  are  composed  of  1<$  Chrome  - 
1*  Nickel,  corrosion  tests  were  conducted  to  determine  the  behavior  of  the  alloy 
#xsa  exposed  to  variois  sulfamlo  acid  solutions.  Results  of  these  testa  showed 
the  following: 

Very  high  corrosion  values  were  obtained  (0.0199  lba./ft.2/hr.)  when 
new  test  specimens  were  exposed  to  the  2Q£  solution  by  weight  of  the  CR-7064-B 
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deecalaot  fanaulstion  In  the  absence  or  corrosive  additives.  These  carrooian 
values  acre  about  20  tines  greeter  then  those  obtained  on  carbon  steel  end 
ohrcna  ooly  ateel  and  about  200  tlaae  greater  than  the  values  obtained  on  18-8 
atelnleea  steel.  The  lGpC  farnulatlon  see  equally  corrosive  to  this  aLLqy. 

For  sons  unexplainable  reason,  the  addition  of  ferric  sulfate  reduced 
the  corroaiaa  loess*  of  thin  steel  to  negligible  values .  however,  reducing 
the  ferrle  iron  concentratiai,  oaused  extxwnely  high  corrosion.  Addition  of 
eateralde  so ala  to  these  solutions  oaused  very  high  carrooian. 

Addition  af  steal  nwcunta  at  HD-250 6-P  Inhibitor  (saw  as  used  In  the 
CR-3909-C  fomlatlon)  improved  the  corroeion  protection. 

Using  the  CR-7064-B  foreulstlon  also  caused  evolution  of  hydrogen 
sulfide  gee,  preeueebly  due  to  the  breakdown  of  the  dlethylthlauree  Inhibitor. 
Under  these  conditions,  the  test  spec  lens  ware  badly  chewed  and  pitted  and 
were  beytnd  recognition. 

Although  addition  of  ferric  sulfate  to  the  fcrnulatlon  offers  good 
protection  to  the  alloy,  the  additive  la  corroelve  to  other  steels.  Also,  the 
use  of  HD-2503-P,  although  beneficial  to  this  steel,  any  not  be  good  for  other 
jteel  ayateaa. 

In  general,  toe  behavior  at  this  alley  Aan  uqpor  d  to  the  various 
sulfanlo  acid  dean  sling  caodltlcne  la  waxy  woh  different  free  the  behavior  of 
any  other  boiler  steel  tasted  to  date. 

Baaed  cn  the  above  lnfaraetlun,  it  was  Ten o— adad  that  the  16-1  dnaupeztteeters 
he  renoved  fron  the  drum  and  not  said  cleaned .  This  inferential  wee  reported 
periodically  by  reference  (u) . 

a,  a.  Mm  xaiaiM  nia  m^soa. 

The  laboratory  furalahad  Seainlaal  aaeLstaace  during  the  praperetlon  of  the 
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movie  ooript,  art  work  and  preparation  of  chemical  cleaning  facilities  on  a 
Laboratory  692  class  boiler  and  dooknido  n cor  the  UES  KIDD  (DD-661)  for  the 
shooting  of  the  training  film  "Boilers  and  Their  Operation  -  Chemical  Cleaning 
of  Boiler  Watersides" .  The  procedural  steps  in  the  cleaning  operation  were 
those  used  during  the  boiler  descaling  trial  of  the  USS  TAUSSIG  (DD-746)  and 
reported  by  reference  (p) ,  except  that  procedures  for  removing  the  bottom  blow 
system,  washing  down  of  the  boiler  acd  alternate  circulation  were  Included. 

The  step  dealing  with  the  removal  of  the  bottom  blow  system  during  acid  cleaning 
will  no  longer  be  required,  based  cn  Laboratory  tests  shoving  that  no  valvo  disc 
and  seat  corrosion  takas  place  when  exposed  to  sulfonic  acid  treatment.  The 
details  of  the  extent  of  technical  direction  of  the  U.  S.  J'avy  Training  Film 
MM -9223 o  were  reported  periodically  by  reference  (u) . 

DISCUSSION 

Based  cn  the  above  Laboratory  and  full  scale  boiler  chemical  cleaning  trials, 
the  solid  doscalent  formulations  CR-7064-B  or  3.17.1,  containing  microflne  silica 
as  an  anti-caking  agent,  can  be  used  for  chemical  cleaning  of  boilers  when  per- 
1  formed  by  ships'  personnel.  Although  these  formulations  are  not  quite  as 
effective  In  the  removal  of  oertain  tenacious  waterside  deposits  from  tube 
surfaces  as  Inhibited  hydrochloric  acid,  they  are  considerably  superior  to  soy 
other  solid  desealants  evaluated.  These  solid  formulations  meet  shipboard  needs, 
i.e.,  they  are  non-toxic ,  easy  end  safe  to  handle,  can  be  stored  aboard  ship, 
and  can  be  mixed  and  used  by  ships'  personnel  without  the  need  far  technical 
supervision.  Also,  extensive  chemical  mixing  equipment  is  not  required.  The 
use  of  Inhibited  hydrochloric  acid  does  not  meet  these  requirements. 

These  solid  formulations  can  also  be  used  with  safety  an  boiler  steels, 
Including  stainless  steel  superheater  sections,  except  far  Crolay  16-1  desuper¬ 
heater  alley.  Studies  are  continuing  under  a  separate  project  to  find  suitable 
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Inhibitors  that  world  of  for  maximum  corrosion  protection  to  this  alloy  rixea 
exposed  to  sulfamic  acid  treatment.  Based  on  Laboratory  data,  this  alloy 
also  exhibits  excessive  metal  corrosion  when  exposed  to  inhibited  hydrochloric 
acid.  Needless  to  say.  Inhibited  hydrochloric  acid  cannot  be  used  on  18-6 
stainless  steel  superheaters. 

Although  these  solid  desealant  formulations  shoved  no  appreciable  de¬ 
predation  of  the  individual  components  ihen  stored  at  104  F  and  7556  R.H.  for 
several  months,  storage  at  122  F  for  over  two  months  at  Mar®  Island  Chemical 
Laboratory  indicated  decomposition  of  the  components  with  resultant  evolution 
of  obnoxious  sulfur  dioxide  gas.  Although  the  latter  storage  conditions  are 
considered  somewhat  unrealistic,  further  stupes  are  being  conducted  under  a 
separate  project  to  determine  the  extent  of  decomposition  of  the  descalast 
when  stored  at  122  F.  The  final  selection  of  suitable  analytical  procedures 
to  bs  included  in  the  specification  for  the  procurement  of  the  solid  desealant 
will  depend  an  the  outcome  of  the  analyses  of  the  individual  constituents  in 
the  formulation  when  stored  under  various  conditions . 

Other  problems  that  are  being  studied  in  connection  with  solid  desealants 
are  the  use  of  inhibitors  that  can  better  protect  against  copper  plating  and 
offer  maxi  a  i  m  corrosion  protection  to  boiler  steels  when  exposed  to  "spent" 
desealant  solutions  and  when  lover  concentrations  of  desealants  are  used. 

The  effect  of  lowering  or  increasing  the  DETU  concentrations  on  corrosion  and 
capper  plating  protection  will  also  be  investigated  under  a  separate  project. 
CONCLUSIONS 

It  is  concluded  that: 

The  Wyandotte -designated  solid  desealant  formulations  CR-7064-B  or  3.17.1 
can  be  safely  used  during  chemical  cleaning  of  boilers  by  ships'  non-teohnioal 
personnel  without  the  need  of  extensive  cleaning  equipment  and  without 
technical  supervision. 
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These  dosoalarrts  con  be  used  wltli  safety  on  oil  boiler  oteels  except 
Croloy  16-1  doauperfaeater  allay, 

Theoc  solid  desc slants,  although  not  quite  as  effective  as  hydrochloric 
acid  in  the  removal  of  certain  waterside  deposits,  are  considerably  better 
than  the  CR-3909-C  or  CR-5923  desealant  f omnlations .  When  properly  used, 
they  will  remove  most  of  deposits  encountered  In  naval  boilers. 

Sulfamic  acid  does  not  attack  bottom  blow  valve  discs  and  seats  cc  that 
removal  of  these  systems  is  not  required  during  chemical  cleaning. 

Further  investigation  is  needed  cn  the  following  problem? : 

Corrosion  protection  for  Crolqy  16-1  alley  steel. 

Storage  stability  of  the  formulations  at  various  temperatures . 

Improvement  of  the  analytical  procedures  for  inclusion  in  the  purchase 
specification  for  the  solid  desoalant. 

Corrosion  protection  of  steels  when  exposed  to  "spent"  sulfamic  acid 
solutions. 

Prevention  of  copper  plating  whan  "spent"  solutions  or  lower  concentra¬ 
tions  of  deae slants  are  used. 

CCMSNDmQKS 

It  is  rec amended  that: 

The  solid  de sc slant  formulation,  consisting  of  89/t  of  crystalline  sulfamic 
acid,  %  of  anhydrous  citric  acid,  %  of  diethylthlourea  and  containing  up 
to  0.#  of  aiorofin#  silica  as  on  anti-caking  agent  be  selected  far  shipboard 
chemical  cleaning  of  boilers. 

This  famnlarticn  be  used  on  stainless  steel  superheaters  but  not  an 
Crolcy  16-1  desuperheater  metal.  These  latter  units  should  be  removed  and 
the  f Images  In  the  drum  protected  from  acid  attaok. 

A  10Jt  solution  by  weight  of  the  dee  a  slant  be  used  for  normal  amounts  of 
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boiler  waterside  deposits  r«ad  20?  concentrate  on  -.h^n  the  deposits  are  un~ 

usually  heavy. 

HJSHIPS  Instruction  9510.29  of  5  February  1953  be  revised  to  require 
that  the  inhibited  sulferalo-oltrie  fomileticn  be  used  far  molting  up  the 
strong  desealant  solution  (10  or  20,2  by  weight)  anil  the  mllv  eeid  rinse 
(pH-2)  solution  instead  of  the  inhibited  oodim  bisulfate  -  citric  acid 
fanaulctiaa.  The  metal  passivation  step  should  regain  as  is.  The  inctruc- 
ticn  should  also  require  the  use  of  a  small  stainless  steel  mixing  tent 
(nocdnal  capacity  ~  30  gallons)  similar  to  the  one  employed  during  the  de~ 
eoaling  trial  of  USS  TAUSSIG  (CD-746)  boilers  and  also  shown  in  the  Navy 
Training  Film  UN-9223o.  The  utilisation  of  rubber  tank  assembly  should  be 
deleted.  The  instruction  should  also  caution  against  washing  down  of  the 
peasiveted  metal  surfaces  with  water  for  the  rsooval  of  loon  cased  deposits, 
otherwise  after-rurt  will  take  plrco.  If  toe  boiler  i3  to  remain  open  efter 
a  hydrostatic  test,  the  water  used  to  fill  the  boiler  shall  cuntuin  about 
0.5#  of  sodiua  nitrite  in  order  to  retain  the  passivating  fila  at  the  netai.. 

A  requirement  should  be  included  that  frequent  blowdown  be  used  during  the 
first  few  days  of  nteaming  in  order  to  remove  the  ioesancl  fine  deposits. 

Further  work  be  continued  In  the  fallowing  areas; 

Corrosion  behavior  of  Crolqy  16-1  steal. 

Corrosion  protection  for  16-1  flanges  end  nippleo ,  not  removable  Iron 
the  drum. 

-•etelpjaant  of  improved  analytical  procedures  for  the  constituents  pre- 
•ttt  in  daacalant  foraulatlcn  3. I'M. 

Storage  stability  of  CR-TOot-S  wad  3.17.;  deso slant  f oraJict icno . 

Capper  plating  inhibition  by  u  ir-tliyltM  aurea  mod  other  sulrur- 
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Corrosion  protection  to  boiler  metal  aheti  exposed  to  '  ppsnt" 
descaling  solutions . 

Any  other  corrosion  problems  associated  with  shipboard  chemical 
cleaning  of  boilers. 


